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Abstract 

Numerical values of charged-particle thermonuclear reaction rates for nuclei in the A=14 to 40 
region are tabulated. The results are obtained using a method, based on Monte Carlo techniques, 
that has been described in the preceding paper of this series (Paper I). We present a low rate, 
median rate and high rate which correspond to the 0.16, 0.50 and 0.84 quantiles, respectively, of 
the cumulative reaction rate distribution. The meaning of these quantities is in general different 
from the commonly reported, but statistically meaningless expressions, "lower limit", "nominal 
value" and "upper limit" of the total reaction rate. In addition, we approximate the Monte Carlo 
probability density function of the total reaction rate by a lognormal distribution and tabulate 
the lognormal parameters /i and a at each temperature. We also provide a quantitative measure 
(Anderson-Darling test statistic) for the reliability of the lognormal approximation. The user 
can implement the approximate lognormal reaction rate probability density functions directly in 
a stellar model code for studies of stellar energy generation and nucleosynthesis. For each reac- 
tion, the Monte Carlo reaction rate probability density functions, together with their lognormal 
approximations, are displayed graphically for selected temperatures in order to provide a visual 
impression. Our new reaction rates are appropriate for bare nuclei in the laboratory. The nuclear 
physics input used to derive our reaction rates is presented in the subsequent paper of this series 
(Paper III). In the fourth paper of this series (Paper IV) we compare our new reaction rates to 
previous results. 
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1. Introduction 

In the preceding work, referred to as Paper I, we presented a method of evaluating 
thermonuclear reaction rates that is based on the Monte Carlo technique. The method 
allows for calculating statistically meaningful values: the recommended reaction rate is 
derived from the median of the total reaction rate probability density function, while 
the 0.16 and 0.84 quantiles of the cumulative distribution provide values for the low rate 
and the high rate, respectively. Wc refer to such rates as "Monte Carlo reaction rates" 
in order to distinguish them from results obtained using previous techniques (which we 
call "classical reaction rates"). As explained in Paper I, we will strictly avoid using the 
statistically meaningless expressions "lower limit" (or "minimum") and "upper limit" 
(or "maximum") of the total reaction rate. For detailed information on our method, see 
Paper I. 

In the present work, referred to in the following as Paper II, wc present our numerical 
results of charged-particle thermonuclear reaction rates for A=14 to 40 nuclei on a grid 
of temperatures ranging from T=0.01 GK to 10 GK. These reaction rates are assumed 
to involve bare nuclei in the laboratory. The rates of reactions induced on lighter target 
nuclei, A<14, are not easily analyzed in terms of the present techniques and require 
different procedures (see, for example, Descouvemont et al. [64] for an evaluation of 
Big Bang nuclear reaction rates using R-matrix thciory). The higher target mass cutoff, 
A=40, was entirely dictated by limitations in resources and time. For use in stellar 
model calculations, the results presented here must be corrected, if appropriate, for (i) 
electron screening at elevated densities, and (ii) thermal excitations of the target nucleus 
at elevated temperatures. Details will be provided below. We emphasize that the present 
reaction rates are overwhelmingly based on experimental nuclear physics information. 
Only in exceptional situations, for example, when a certain nuclear property had not 
been measured yet, did we resort to nuclear theory. In the subsequent work (Paper III) 
we will provide the complete nuclear physics data input used to derive our new Monte 
Carlo reaction rates. In the fourth paper of this series (Paper IV) we compare our new 
reaction rates to previous results. 

Paper II is organized as follows. In Sec. 2 we summarize briefly our Monte Carlo 
technique. An overview of the literature sources for the nuclear physics input data used 
to derive our results is provided in Sec. 3. Detailed examples for how to interpret the 
new Monte Carlo reaction rates are given in Sec. 4. The extrapolation of the laboratory 
reaction rate to high temperatures is described in Sec. 5, while modifications of the 
reaction rate that are necessary for use in stellar model calculations are discussed in Sec. 
6. The calculation of reverse rates is described in Sec. 7. A summary is given in Sec. 
8. Appendix A contains information regarding statistical hypothesis tests. Our Monte 
Carlo reaction rates are presented in tabular and graphical format in App. B. 

2. Monte Carlo reaction rates 

The expressions used for calculating thermonuclear reaction rates are given in Pa- 
per I. Each nuclear input quantity entering in the calculation of the reaction rates is 
associated with a specific probability density function: a Gaussian distribution for reso- 
nance energies; a lognormal distribution for measured resonance strengths, nonresonant 
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S-factors and partial widths; a Porter-Thomas distribution for measured upper hmits of 
partial widths; and so on. Once a probability density function is chosen for each input 
quantity, the total reaction rate and the associated uncertainty can be estimated using a 
Monte Carlo calculation. In particular, a random value is drawn for each input quantity 
according to the corresponding probability density function and the total reaction rate 
computed from these sample values is recorded. The procedure is repeated many times 
until enough samples of the reaction rate have been generated to estimate the property 
of the output reaction rate probability density function with the required statistical pre- 
cision. Correlations between quantities have been considered carefully: for example, if 
the strength of a narrow resonance is estimated from a reduced width or a spectroscopic 
factor, then the uncertainty in the resonance energy enters both in the Boltzmann factor 
and in the penetration factor. Thus the same random value of the resonance energy, 
drawn in this case from a Gaussian probability density function, must be used in both 
expressions. 

Our main goal is to calculate the probability density function for the total reaction 
rate and to characterize this distribution in terms of certain parameters: for the central 
(recommended) value of the reaction rate we chose the median which is equal to the 0.50 
quantile of the cumulative distribution, while the low and high values of the reaction rate 
are chosen to coincide with the 0.16 and 0.84 quantiles, respectively. With this choice 
the confidence level (or the coverage probability) amounts to 68%. A reliable estimation 
of more detailed information, such as the uncertainty contribution of each nuclear input 
quantity to the total rate, does not seem feasible at this time because of limitations in 
present-day computing power. See Paper I for details. 

A computer code, RatesMC, has been written in order to calculate total reaction rates 
from resonant and nonrcsonant input using the Monte Carlo technique. For resonances 
the code computes reaction rates either from analytical expressions or, if required, by 
numerical integration. The latter procedure is computationally slow, since one integration 
has to be performed for each randomly sampled set of input quantities, but gives the 
most accurate results if the partial widths of a resonance are known. Upper limits of 
nuclear input quantities and interferences between levels are also taken into account 
in the random sampling. The user controls the total number of random samples and 
hence the precision of the Monte Carlo results ^ . For more information, see Paper I. The 
reaction rate output of the code is discussed in Sec. 4. A detailed description of the input 
file to RatesMC can be found in Paper III. 

3. Overview 

An overview regarding the reaction rates evaluated in the present work is provided 
in Tab. 1. For each of the 62 reactions listed here we also give the Q- value and some 
literature sources of the nuclear data input. The list of literature sources provided here is 
not meant to be comprehensive. For more information on the nuclear physics input, see 
the captions to the reaction rate tables in App. B. The complete nuclear physics input 
used in the present work is provided in Paper III. 



^ The number of samples used in the present work varied depending on the reaction, but always 
amounted to more than 5,000. 
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Table 1: Information on reaction rates evaluated in the present 
work. 
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Table 1 - continued 
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30S(p,7)3iCl 


290±50 


Iliadis et al. [131], Wrede et al. [257] 


3iS(p,7)32cl 


1574±7 


Iliadis et al. [130] 


32S(p,7)33Cl 


2276.7±0.4 


Iliadis et al. [131] 


3iCl(p,7)32Ar 


2420±50 


Herndl et al. [119] 


32Cl(p,7)33Ar 


3343±7 


Herndl et al. [119], Schatz et al. [211] 


35Cl(p,7)=^6Ar 


8506.97±0.05 


Iliadis et al. [131], Ropke et al. [195] 


35Cl(p,a)32S 


1866.21±0.13 


Iliadis et al. [131], Ropke et al. [195] 
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Table 1 - continued 



Reaction" Q** (kcV) Some nuclear data sources'^ 



34Ar(p,7)35K 


84.5±0.7^' 


Herndl ct al. 


[119], Trinder et al. [239] 


35Ar(p,7)36K 


1668±8 


Iliadis et al. 


[130] 


36Ar(p,7)37K 


1857.G3±0.09 


Iliadis et al. 


[131] 


35K(p,7)36Ca 


2556±40-'' 


Herndl ct al. 


[119], Doorncnbal ct al. [70] 


39Ca(p,7)«Sc 


538±3 


Iliadis et al. 


[130], Hansper ct al. [115] 


40Ca(p,7)«Sc 


1085.09±0.08 


Iliadis et al. 


[131] 



" The superscripts t, g and m for ^^Al refer to the total, ground state and isomeric state 
rate, respectively. 

^ Reaction Q- value from Audi, Wapstra and Thibault [11], unless noted otherwise. The 
quoted uncertainty represents one standard deviation; an entry "±0.00" implies that the 
experimental uncertainty amounts to a few eV only [11]. Such a small value is entirely 
negligible in the present astrophysical context. 

See Paper III for a complete bibliography. 

From Eronen et al. [84]. 
" Prom Mukherjee et al. [174]. 
^ Using results from Yazidjian et al. [261]. 
9 From Yoneda et al. [263]. 

Calculated using the new value for the mass of ^^Na from Mukherjee et al. [175]. 



6 



We comment briefly on the Q-values which, except for a few updates, are adopted 
from Audi, Wapstra and Thibault [11]. It is gratifying to sec that for many reactions 
the uncertainties in Q are less than 1 keV. In some cases, however, the uncertainties 
are rather large (> 5 keV). Notice that resonance energies are frequently calculated by 
subtracting the Q-vahic from a measured excitation energy (see Paper I). Thus, even if 
the excitation energy has been measured precisely, the total uncertainty in the resonance 
energy may be dominated by a large uncertainty in the Q- value. It is certainly worthwhile 
to improve such Q-values with large uncertainties in future measurements considering 
that the resonance energy enters exponentially in the expressions for resonant reaction 
rates (see Eqs. (1) and (10) of Paper 1). 

A number of charged-particlc thermonuclear reactions in the A=14 to 40 range have 
been excluded from the present evaluation. Below we provide a few examples and the 
reasons for disregarding them so that the reader obtains an impression on the scope of the 
present work. The ^'''N(p,7)"'^^'0 and ^'''N(p,Q!)^^C reactions arc excluded here since their 
rates are strongly influenced by interfering resonance tails and nonrcsonant contributions. 
Such cases cannot be analyzed easily using the present procedure and require a difii'erent 
approach, such as R- matrix theory. Similar comments apply to the ^^N(p,7)^^0 reaction. 
We disregarded the ^°Na(p,7)^^Mg reaction despite the fact that new information became 
available recently [177]: (i) the spin-parities of all expected resonances below EJi'" = 1400 
keV are tentative; (ii) the ^^Mg ^^F mirror state assignments are uncertain; (iii) the 
spectroscopic factors arc unknown; and (iv) there may be missing levels close to the 
proton threshold in ^^Mg. These sources of error prohibit a reliable estimation of reaction 
rates based on Monte Carlo techniques. A recent study [61] explored the nuclear structure 
of ^''Si levels in order to derive a rate for the ^^Al'"(p,7)^''Si reaction. Unfortunately, the 
proton decay of expected low-energy resonances could not be measured (the detection 
threshold was «450 keV). In addition, the spin-parities as well as 7-ray partial widths of 
most resonances are unknown. We felt that too much information is missing at this time 
for calculating reliable reaction rates. Finally, we attempted to calculate Monte Carlo 
rates for the ^°P(p,7)^^S reaction. However, the effort proved futile although several 
recent studies addressed the nuclear structure of important levels in the ^^S compound 
nucleus [137,159,256,258]. At present, the 3ig_3ip mirror state assignments are uncertain 
and most of the spectroscopic factors and 7-ray partial widths are unknown. For these 
reasons, Monte Carlo rates cannot be calculated reliably. 

4. Results 

Numerical values of Monte Carlo thermonuclear reaction rates are given in columns 
2-4 of the tables presented in App. B for a grid of temperatures between T=0.01 GK and 
10 GK. Each rciaction rate table is accompanied by two flgures. The flrst of these displays 
the reaction rate ratios Na {<Tv)f^igf^ /Na {(Jv)^^^ and Na {<Jv)i^^ /Na {(^v)^^^; a visual 
inspection immediately reveals the reaction rate uncertainty at a given temperature. 
The second figure shows Monte Carlo reaction rate probability density functions (in 
red) for six selected temperatures: T = 0.03, 0.06, 0.1, 0.3, 0.6 and 1 GK; they span 
conditions encountered in red giants, AGE stars, classical novae, massive stars and type 
I x-ray bursts. The complete nuclear physics input used to compute our reaction rates 
is presented in Paper III. The new reaction rates are compared with previous results in 
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Paper IV. 

The parameters of the lognormal approximations to the reaction rate probabihty den- 
sity functions are given in columns 5-6 of the reaction rate tables in App. B. The lognor- 
mal distributions are also displayed (in black) in the second figure following a given rate 
table. Note that the black line does not represent a fit to the data but its parameters 
arc directly derived from the distribution of randomly sampled reaction rates. That is, 
the lognormal parameters are computed from the expectation value and the variance for 
ln(x) (since /i = i<^[ln(a;)] and = V[\n{x)]; see Sec. 4.2 of Paper I). A measure for the 
quality of the lognormal approximation, the Anderson-Darling (A-D) test statistic t\j-i, 
is presented in column 6 of the rate tables and is also given in each panel of the following 
figures (denoted by "A-D" in both tables and figures). Details regarding the Anderson- 
Darling test are provided in App. A. In brief, a value of less than t\]j « 1 indicates that 
the Monte Carlo reaction rate probability density hmction is consistent with a lognormal 
distribution. For values in the range of t^^^ ss 1 — 30 the lognormal hypothesis is rejected 
by the Anderson-Darling test. Nevertheless, the lognormal approximation holds reason- 
ably well in this range, as can be seen by inspecting the graphs following the rate tables, 
and thus seems adequate for use in reaction network calculations. For values in excess of 
^AD ~ '^^ lognormal approximation is not only rejected by the Anderson-Darling test 
but, in addition, deviates visually from the actual Monte Carlo reaction rate probability 
density function. 

Below we give some examples, ordered according to increasing complexity, in order to 
explain how to interpret and to use our numerical rcsiilts. The examples are for illustrative 
purposes only and have been simplified by disregarding minor rate contributions. For the 
full results, the reader should consult the rate tables. 

4.1. Rate of'^^Si(p,jp^P at T=0.03 and 0.3 GK 

Consider first the reaction rate for the proton capture on ^^Si at a temperature of 
T = 0.03 GK. From Tab. B.43 we find a recommended rate of Na {<Jv)^^^ = 5.57 x 
10~^^ cm^mol~"'^s~"'^. This value represents the median Monte Carlo rate and is obtained 
from the 0.50 quantile of the cumulative reaction rate distribution. The 0.16 and 0.84 
quantiles provide the low and high Monte Carlo reaction rates, yielding Na (o'i')jo^ = 
3.79 X 10~^^ cm^mol~^s~^ and Na {<^v)f^.gf^ = 8.18 x lO^^'"' cm'''mol^^s^\ respectively. 

The corresponding Monte Carlo reaction rate probability density function is shown in 
Fig. la as a red histogram. The black solid line represents a lognormal approximation. 
The values of the lognormal parameters, //, = —55.85 and a ~ 0.386, are given in Tab. 
B.43. In addition, the Anderson-Darling test statistic, t*Aj^ = 0.134, is listed in the table. 
This small value indicates that in this case the Monte Carlo reaction rate probability 
density function follows a lognormal distribution, as is also apparent from visual inspec- 
tion of Fig. la. Consequently, we can point out a few interesting observations. First, 
from the relatively large value of a = 0.386, corresponding to a factor uncertainty of 
f.u. = e'^ = 1.47, it follows immediately that the reaction rate distribution is skewed 
(see Sec. 4.2 of Paper I). Second, the median Monte Carlo reaction rate is related to 
the lognormal location parameter by ^ = ln{NA (o"i')med)- Third, the values of the low 
and high Monte Carlo reaction rates are related to the lognormal spread parameter by 
a = \n{[NA (o'i')^jg^ /Na {'^'v)iowY^'^)- These last two relationships, which only hold if the 
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28 c 



Si(p,Y)2^P: T=0.03 GK 



140 - 



Monte Carlo rate 
Log-normal approximation 




120 - 



(b) 



^%\(p,yf^P: T=0.3 GK 



2.5 10-^* 0.001 
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3 -1 -1 
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Fig. 1. Total reaction rate probability density functions for 28Si(p,7)29p: (a) T=0.03 GK, (b) T=0.3 
GK. The red histograms are obtained from the Monte Carlo method, while the black solid curves show 
lognormal approximations. The lognormal parameters fj. and cr, as well as the Anderson-Darling test 
statistic (A-D) are listed for each temperature. The results are obtained with 20,000 samples. 



total reaction rate distribution is lognormal (see Sec. 5.4 of Paper I), are easily verified 
from the numerical values provided above. 

The total Monte Carlo reaction rate probability density function follows lognormality 
because at this temperature the rate is dominated by the non-resonant direct capture 
process. Since we assumed a lognormal probability density for the (input) effective S- 
factor (Sec. 5.1.3 of Paper I), the resulting (output) reaction rate probability density 
becomes also lognormal. 

Consider now Fig. lb, showing the situation at a temperature of T=0.3 GK. The 
hypothesis that the Monte Carlo reaction rate probability density follows a lognormal 
distribution passes again the Anderson-Darling test (since — 0.532 < t^, see App. A). 
However, the value of ct = 0.104 indicates that the lognormal distribution is only weakly 
skewed. In other words, the black solid line is nearly Gaussian (see Sec. 4.2 in Paper I). 
The reason is that at this temperature the total rate is dominated by a single narrow 
resonance, located at E!f"^ = 357.1 keV with a strength of = 0.0020 eV (see Paper 
III). The uncertainty in the resonance strength (10%), although moderate, dominates 
over the uncertainty in the resonance energy (0.7 keV). Since the resonance strength 
enters linearly in the narrow resonance reaction rate expression (see Eq. (10) of Paper 
I) and its uncertainty is relatively small (so that the input probability density function 
is nearly Gaussian), the total reaction rate distribution as a result becomes also nearly 
Gaussian. 

At this point it is worthwhile to recall the arguments presented in Sec. 5.4 of Paper I of 
why the lognormal approximation to the total reaction rate probability density function is 
so useful: (i) the total rate may be dominated by a non-resonant process (as was the case 
in Fig. la); (ii) the total rate may be dominated by a single resonance and the uncertainty 
in the resonance energy dominates over the uncertainty in the resonance strength; (iii) the 
total rate may be dominated by a single resonance and the uncertainty in the resonance 
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strength dominates over the uncertainty in the resonance energy (as was the case in 
Fig. lb); (iv) the total rate may be given by the contributions from many resonances. 
For the last two cases the total reaction rate probability density may tend toward a 
Gaussian which can be approximated by a lognormal distribution in a straightforward 
manner (Sec. 4.2 of Paper I). We emphasize that for the overwhelming number of reaction 
rates computed in the present work the Monte Carlo probability density functions follow 
a lognormal distribution according to the arguments given above. In the following we 
will focus on exceptional cases where the resulting probability density functions are not 
lognormal. These situations are interesting since they reflect certain properties of the 
underlying nuclear physics input. 

4.2. Rate of^^Ar(p,^f^K at T=0.03 GK 

Wc will next discuss the reaction rate for the proton capture on ''"'Ar at a temper- 
ature of T=0.03 GK. At this temperature the total rate is mainly determined by the 
direct capture process and by a resonance located very close to the proton threshold, at 
gem _ 2 keV. What makes this case exceptional is the fact that the uncertainty in the 
resonance energy is very large (±21 keV; see Paper III). We will explore in the following 
the consequences of such a large uncertainty. An extra complication is caused by the 
proximity of the resonance to the particle threshold. A resonance energy of only 2 kcV 
causes major problems for the computation of the Coulomb wave functions according to 
Eq. (16) of Paper I that are needed in order to integrate Eq. (1) from Paper I numeri- 
cally. Thus we shifted the resonance to an energy of —0.1 keV so that its rate contribution 
can be obtained in a straightforward manner from the tail of an assumed subthreshold 
resonance. Test calculations have shown that a moderate energy shift of « 2 keV has 
no significant effect on the total rate considering a 21 keV uncertainty in the resonance 
energy. Furthermore, it must be emphasized that the calculation of the rate significantly 
differs for this example compared to the previous case: first, the rate is obtained using 
the proton width, which must be calculated from the penetration factor for each sampled 
energy, instead of the resonance strength; second, the rate is derived from a numerical 
integration rather than from an analytical expression (see Sec. 2 of Paper I for details). 

We find a recommended Monte Carlo reaction rate of Na (o'v)med ~ '^•^^ ^ 10~^^ 
cm'^mol^^s"^. The low and high rates amount to Na {'^'^)iow ^ 5.16x 10"^-^ cm'^mol~'^s~'^ 
and {crv) f^-gf^ = 1.17 x 10~^° cm^mol~^s~^, respectively. The corresponding Monte 
Carlo reaction rate probability density function is shown in Fig. 2a as a red histogram. 
The peak visible on the left-hand side in the figure is entirely dominated by the di- 
rect capture process, for which the mean value amounts to Na Wv)^^'^^ = 8.08 x 
10~^^ cm^mol~^s~^. The solid black line in Fig. 2a represents the lognormal approx- 
imation. The lognormal parameters amount to fi — —69.11 and a = 1.436. Not only 
is the lognormal distribution highly skewed, but it poorly describes the actual Monte 
Carlo distribution, shown in red. This observation is supported by the large value of 
^AD — 3377 for the Anderson-Darling test statistic. Furthermore, since the actual Monte 
Carlo probability density is clearly not lognormal, the expressions given in Eqs. (39) and 
(40) of Paper I are not fulfilled anymore, as can be easily verified from the rate values 
provided above. 

The disagreement is caused by the large uncertainty in the resonance energy. It turns 
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Fig. 2. Reaction rates for '^^Ar(p,7)''^K at T=0.03 GK: (a) Probability density function from Monte 
Carlo sampling (red) and lognormal approximation (black); (b) Reaction rate versus sampled energy of 
the subthreshold resonance near EJ;™ = —0.1 keV. In part (b) the horizontal dashed line indicates the 
mean value of the direct capture rate contribution, while the label "G.P." refers to the location of the 
Gamow peak. The results are obtained with 20,000 samples. The resonances at EJ;™' = 224 — 744 keV 
(see Paper III) have only a minor impact at this low temperature and have been disregarded for the 
results shown here. They are, however, included in the full calculation of the rate listed in Tab. B.58. 



out that the red histogram has a very long tail on the right hand side. In fact, the 
maximum sampled rate amounts to w 10"^"* cm'^mol~^s"^. Note that this value exceeds 
the location of the (red) peak shown in Fig. 2a by about 6 orders of magnitude. We 
do not display the entire range of sampled reaction rates in the figure since otherwise 
the peak would not be resolved on that scale. The lognormal approximation is obtained 
under the condition of the same expectation value and variance as the actual Monte 
Carlo probability density function. However, in order to account for the very long tail of 
the actual rate distribution the lognormal approximation becomes highly skewed. As a 
result its shape does not resemble that of the Monte Carlo distribution. 

More insight can be obtained by considering part (b) of the figure, displaying the res- 
onant Monte Carlo reaction rate contribution versus the sampled energy for the E™' = 
—0.1 keV resonance. The horizontal dashed line indicates the mean value of the direct 
capture rate contribution (see above) , while the shaded region marks the location of the 
Gamow peak for T=0.03 GK (see Eq. (4) of Paper I). Since the resonance is located so 
close to the threshold, we expect that about half of the sampled energies occur below 
and half occur above threshold. For sampled energies in the negative region (that is, E^ 
below threshold), the maximum resonant rate contribution is about lO^''"^ cm'^mol^^s^^. 
This value is 3 orders of magnitude below the direct capture rate contribution and, 
consequently, it is entirely negligible. The situation is quite different above threshold. 
Occasionally a relatively large resonance energy is sampled that is located close to the 
Gamow peak. In such cases the resonant rate contribution will obviously increase dramat- 
ically. (A more detailed reason for the kink visible in panel (b) near a sampled resonance 
energy of Er « 30 keV will be discussed in Sec. 4.3.) It can be seen from Fig. 2b that 
a few sampled energies are even located in the Gamow peak, Eq ± A/2 (see Eq. (4) in 
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Paper I), resulting in a resonant rate contribution up to w 10~^^ cm^mol~^s~^. Such 
values will entirely dominate the total reaction rate, giving rise to the long tail in the 
reaction rate probability density function (red histogram in Fig. 2a). 

Our original idea was to cut off the total Monte Carlo reaction rate probability density, 
say, at a value of 4 x 10~^° cm'^mol~^s~^, and then to calculate new, renormalized, 
lognormal parameters /i and a for the truncated distribution. An advantage of this pro- 
cedure would be that the actual Monte Carlo probability density function (without the 
long tail) could then be very well approximated by a lognormal distribution. However, a 
major disadvantage is the fact that disregarding the long tail, which does not represent 
some artificial statistical "noise" but rather consists of physically meaningful samples, 
would introdiicc a significant bias. Thus we decided not to truncate any of the Monte 
Carlo probability density functions obtained in the present work. It must be emphasized 
again that the red histogram and the solid black line shown in Fig. 2a have the same 
expectation value and variance. If it turns out that stellar model calculations are sensitive 
to the shape of the reaction rate probability density function for ■'''Ar(p,7)'^^K at T=0.03 
GK, then there are two obvious possibilities for proceeding: (i) a new measurement of 
■^^K excitation energies in order to derive smaller resonance energy uncertainties; or (ii) 
the use of an analytical function that is more complicated than a lognormal distribution, 
but approximates the actual reaction rate probability density function more closely. 

4.3. Rate of'^^Al(p,-fp'^Si at T=0.09 and 0.2 GK 

We will now discuss the influence of a large resonance energy uncertainty on the rate in 
more detail. Consider, for example, the rates of the ^'^Al(p,7)^^Si reaction at T=0.09 and 
0.2 GK (Fig. 3). At these temperatures the total rate is determined by a single, s-wave, 
resonance, located at E^"* = 137 ± 29 keV. The resonance strength is determined by 
the proton partial width (since Fp ^ F-y) for which we adopt a fractional uncertainty of 
about 50% (see Paper III for details). Contributions from other resonances or the direct 
capture process (indicated by the dashed horizontal lines) are negligible for the discussion 
below. The reaction rate is derived from a numerical integration (see Sec. 2 of Paper I). 
Note that most resonances considered in the present evaluation do not exhibit such large 
uncertainties on energy and partial width. But this particular example is interesting since 
it exemplifies a number of important issues. 

Panel (b) displays the reaction rate versus the sampled energy of the EJ:'" = 137 keV 
resonance at T=0.2 GK. Here the resonance is located just outside the energy region, 
Eq± IS./2 = 228 ± 72 keV, of the Gamow peak. A trend is clearly visible: the closer the 
sampled resonance energy to the Gamow peak maximum, Eq, the larger the resulting 
rate. Most energy samples occur outside the Gamow peak, near the mean resonance 
cncirgy, where the rate is relatively small. For this reason, the corresponding probability 
density function in part (a) exhibits a sharp rise at small rates and then declines for 
increasing rates. This behavior translates into relatively large rate uncertainties. Indeed, 
we find for the ratio of high to low Monte Carlo rates a factor of 53 (Tab. B.35). 

Panel (d) shows the rate versus sampled energy at T=0.09 GK where a quite different 
result is obtained. At this particular temperature the E^™ = 137 keV resonance is located 
in the middle of the Gamow peak, _Eo ± A/2 = 134 ± 37 keV. Most of the energy samples 
occur around i?^™ where the rate is at maximum, while the rate decreases for energies 



12 



^^AKp.Yj^'^Si: 1=0.2 GK 



-Monte Carlo rate 

- Log-normal approximation 




li=-6.767 
a=2.494 
A-D=660 



CO 
O 





=0.2 GK ''^^ 






f 

DC i 









^^AI(p,Y)^''Si: T=0.09 GK 



(c) 



-IVlonte Carlo rate 
-Log-normal approximation 




H=-15.30 
0=1 .226 
A-D=968 



"o 



© 

c 
g 

o 

CO 

<u 
o 



: ''ai{p,y) 


^''Si: T=0.09 GK 


(d) - 


/ 

i 


ill 






DC^ 











Reaction rate (cm^ mol^ ) 



0.1 0.2 0.3 

Resonance energy E (MeV) 



Fig. 3. (a), (c) Reaction rate probability density functions for ^^Al(p,7)^'*Si at T=0.2 and 0.09 GK from 
Monte Carlo sampling (red) and lognormal approximation (black); (b), (d) Partial reaction rate versus 
sampled energy of the EJi™ = 137 ± 29 keV resonance. In parts (b) and (d) the horizontal dashed line 
indicates the mean value of the direct capture rate contribution, while the label "G.P." refers to the 
location of the Gamow peak. The results are obtained with 20,000 samples. The rates shown in the 
panels are calculated by taking only the EJ;™ = 137 keV resonance into account (see text). Higher- lying 
resonances (see Paper III) have only a minor impact on the total rate at these temperatures. The latter 
contributions are, however, included in the full calculation of the total rate listed in Tab. B.35. 



sampled below and above the mean resonance energy. The corresponding probability 
density function, shown in part (c), shows a broad maximum with similar slopes on the 
left and right side. For the ratio of high to low Monte Carlo rates we find in this case a 
factor of 4.7, which is much smaller than the value obtained at T=0.2 GK. The relative 
insensitivity of the reaction rate to energy variations if a resonance is located near the 
middle of the Gamow peak was already pointed out in Refs. [130,231]. Note also that the 
vertical spread of the distributions in panels (b) and (d) is caused by the uncertainty in 
the proton partial width (here assumed to be 50%). 

It may appear at first somewhat surprising that in parts (a) and (c) the lognormal 
approximation (shown in black) poorly describes the actual Monte Carlo distribution 
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(shown in red), as indicated by the rather large values for the Anderson-Darhng test 
statistic. It is important to realize that none of the arguments given at the end of Sec. 4.1 
hold in this case. For example, we argued under point (ii) that the rate distribution should 
be lognormal if the rate is dominated by a single resonance for which the uncertainty 
in the resonance energy dominates over the uncertainty in the resonance strength. This 
was explained in Sec. 5.4 of Paper 1: if the resonance energy, Er, is Gaussian distributed 
then the rate, proportional to e~^^/^'^ , is lognormally distributed. However, the point 
here is that in this particular case the rate is not calculated from a resonance strength, 
but from a proton partial width that is computed for each sampled energy from the 
penetration factor. If wc approximate the penetration factor for the s-wave resonance at 
EJi™ = 137 kcV by the Gamow factor (Sec. 2.1 of Paper 1), then the reaction rate becomes 
proportional to e~^r/kT-2TTri Gamow peak). Clearly, it is the Sommerfeld 

parameter rj ^ yJXjEr (see Eq. (3) of Paper 1) in the exponential that causes the reaction 
rate distribution to deviate strongly from lognormality. 

Finally, wc will briefly describe a subtle effect that is barely visible in panels (b) 
and (d). Close inspection reveals that the samples at the lowest energy do not seem 
to follow the strong energy dependence of the reaction rate. Rather, a kink appears in 
the distribution near sampled resonance energies of 40 — 50 keV. Interestingly, the kink 
disappears if the reaction rate is calculated from an analytical expression (Eqs. (10) and 
(11) of Paper 1) rather than from a numerical integration. The reason is discussed in 
Sec. 2.3 of Paper 1. For a single resonance there are in general two contributions to the 
reaction rate: first, from the vicinity near the resonance energy E^, and second, from 
the resonance tail contribution near the Gamow peak Eq. For a sampled energy near 
the Gamow peak the former contribution dominates strongly over the latter. However, 
the farther the resonance energy is sampled away from the Gamow peak, the smaller 
the ratio of near-resonance and resonance tail contributions becomes. The kink appears 
near energies where both contributions are of similar magnitude. For smaller sampled 
energies the resonance tail contribution, which is much less energy dependent than the 
near-resonance contribution, dominates the total rate. Note that the far more pronounced 
kink observed in Fig. 2b near E^. 30 keV has precisely the same cause. 

4.4. Rate of^^ A¥ (p,-if'^ Si at T=0.02 GK 

None of the reaction rates discussed so far have any contributions from expected, 
but yet undetected resonances. In other words, the nuclear input data do not contain 
any upper limits of resonance strengths. The proton capture on ^^Al^ represents an 
interesting case since, at low temperatures, the reaction rates are strongly influenced by 
unobserved, low-energy resonances. At T=0.02 GK the total rates are entirely dominated 
by a resonance at EJ;™ = 69 ± 3 keV ^ . Thus we will disregard in the following discussion 
other resonances and the direct capture process. 



During the near completion of the present work, we beeame aware of the reeent measurement by Lotay 
et al. [156]. They locate this particular resonance at EJ;'" = 68.3 ± 0.7 keV and find evidence that it is 
formed via o!-waves rather than s-waves as assumed here. The numerical values of the rates presented in 
this subsection do not include the latest results of Ref. [156] and thus the present discussion should be 
regarded as an illustrative example only. However, their latest results are included in the Monte Carlo 
rates presented in Tab. B.38 and in Papers III and IV. 
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Fig. 4. Reaction rate probability density function for ^®Alf (p,7)^'^Si at T=0.02 GK. (a) Comparison of 
Monte Carlo rates (red) and lognormal approximation (solid black line); (b) Comparison of Monte Carlo 
rates (red) and chi-squared distribution with one degree of freedom (dashed black line). The results are 
obtained with 50,000 samples. At this temperature the reaction rates are dominated by a resonance at 
EJ;"* = 69 keV for which only an upper limit for the resonance strength can be estimated (see Paper III) . 
All other contributions from resonances and direct capture have been disregarded for the results shown 
here. They are, however, included in the full calculation of the rate listed in Tab. B.38. 



We find a recommended Monte Carlo reaction rate of Na {cv) 



cm'^mol ^ . The low and high rates amount to Na (crv) 



nied 



5.42 X 10-24 



4.58x10-25 cm^mol-^s-i 



and Na {(Jv) f^^gf^ = 2.81 x lO-^'^ cm'^mol-^s-"'^, respectively. The Monte Carlo reaction 
rate probability density function is shown in Fig. 4a as a red histogram. The solid black 
line represents a lognormal approximation, with parameters oi ii — —54.00 and a ~ 
2.320. The Anderson-Darling test statistic amounts to = 813.2, indicating that the 
lognormal distribution poorly describes the actual Monte Carlo reaction rate probability 
density function. 

Recall from Paper I how upper limits of resonance strengths have been incorporated 
into our Monte Carlo sampling: we assume a Porter- Thomas distribution (that is, a chi- 
squared distribution with one degree of freedom) for the dimensionless reduced width of 
an unobserved resonance. Since we are considering in this example only a single unde- 
tected resonance with a moderate energy uncertainty (±3 keV), it follows immediately 
from Eq. (10) of Paper I that the resulting reaction rates must follow the same distri- 
bution as the resonance strength (or the corresponding reduced width; see Eq. (13) of 
Paper I), that is, a chi-squared distribution with one degree of freedom. This distribu- 
tion is shown as a dashed black line in Fig. 4b. The agreement with the actual Monte 
Carlo probability density function (red histogram) is apparent. A number of important 
implications in connection with upper limits of resonance strengths are discussed below. 

First, the classical procedure of estimating reaction rates assumes that the value of 
the "lower limit" of the rate contribution for an unobserved resonance is exactly zero 
(see Sec. 3.4 of Paper I). This assumption is presumably based on the idea that the 
formation probability (or the entrance channel partial width) could in principle be as 
small as zero, that is, the resonance would not exist in this limit. Thus it may seem 
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surprising at first that in the above example we obtain a non-zero value for Na {<^'v)iow- 
One should remember that the classical procedure has no rigorous statistical meaning. 
Instead, we assume a Porter-Thomas distribution for the dimensionless reduced width, 
6'^, of an undetected resonance. In the above example, the distribution of reduced widths 
determines directly the shape of the reaction rate probability density function. The low 
Monte Carlo rate is then consistently obtained from the 0.16 quantile of the cumulative 
reaction rate distribution. The physical meaning of our assumption is the following: the 
probability density function of the reduced width is given by a chi-squarcd distribution, 
implying a higher probability the smaller the value of 0^. In other words, if a particular 
level is known to exist in the compound nucleus, then the corresponding partial width, 
and hence the resonance strength, could indeed become very small, but it is never eqiial 
to zero. The coupling of the nucleons will always give rise to some finite value for the 
reduced width (or the spectroscopic factor). 

Second, the above case provides another example for a reaction rate probability density 
function that is not lognormal, as is apparent from Fig. 4a. The actual Monte Carlo 
reaction rate rather follows a chi-squared distribution with one degree of freedom. The 
lognormal and chi-squared distributions have very different shapes, as can be seen from 
Fig. 2 of Paper I: for decreasing rates, the former distribution approaches zero probability, 
while the latter distribution exhibits a pole at the origin; furthermore, the tail of the 
former distribution falls faster for increasing rates than the tail of the latter distribution. 
Although the Monte Carlo reaction rate probability density function and the lognormal 
approximation shown in Fig. 4a have the same expectation value and variance, situations 
may arise where stellar model calculations could be sensitive to the precise shape of the 
reaction rate probability density function for '^^AV{p,j)^'^Si at low temperatures. In such 
a case there are two possibilities for proceeding: (i) a new measurement of the resonance 
strength in ^^AF(p,7)^''Si or of the spectroscopic factor in ^^Al^('^He,d)^''Si, in order to 
obtain an improved experimental upper limit for the corresponding dimensionless reduced 
width; or (ii) the use of an analytical function that is more complicated than a lognormal 
distribution, but approximates the actual reaction rate probability density function more 
closely. 

Third, an obvious question for the experimentalist is how sensitive an experiment needs 
to be in order to reduce the estimated reaction rate contributions from undetected low- 
energy resonances. For the above case of the EJ:™ = 69 keV resonance in ^^AF(p,7)^''Si 
no experimental upper limit for the spectroscopic factor exists and, consequently, a value 
oiC^S < 1 has been adopted here. The impact of an improved experimental upper limit 
of on the resulting Monte Carlo reaction rates at T=0.02 GK is shown in Fig. 5a. It 
can be seen that, contrary to the behavior of the classical reaction rates, a reduction of the 
upper limit by an order of magnitude {C^Sui = 0.1) has almost no effect on the resulting 
Monte Carlo reaction rates. This is explained by the fact that the dimensionless reduced 
width (or the spectroscopic factor) is randomly sampled according to a Porter-Thomas 
distribution which predicts increasing probabilities for decreasing values of 9"^. Recall 
that we adopted a mean value of (6^) = 0.0045 and thus truncating the distribution, 
according to Eq. (38) of Paper I, at C'^Sui = 0.1 is inconsequential^ . The figure reveals 



^ For an s-wavc resonance at E^;"* = 69 keV in "^''Al^ +p the dimensionless reduced proton width and 
the spectroscopic factor arc related by 9^ ^ 0.6 C'^S (sec Eq. (14) of Paper I). The factor 0.6 represents 
the dimensionless single-particle reduced proton width [128]. 
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Fig. 5. Low, median and high Monte Carlo reaction rates for '^*'A13(p,7)"^^Si at T=0.02 GK. Only the 
undetected EJ;™ = 69 keV resonance is taken into account for the results displayed here, (a) Dependence 
of rates on the value of the experimental upper limit for the spectroscopic factor C^S"; the best current 
estimate for the upper limit is C^S = 1. The labels "2" and "10" indicate the sijectroscopic factor values 
for which the rates decrease by a factor of 2 and 10, respectively; (b) Dependence of rates on the mean 
value of the dimensionless reduced proton width ( 9| ^ ; the value adopted throughout the present work 
amounts to (pi) = 0.0045 (see Paper I). The results are obtained with 50,000 samples. 



that the experimental upper hmit must be reduced significantly before the rates start 
to change noticeably. For example, if an experimental upper limit of C^Sui = 0.01 or 
C^Sui = 0.001 could be achieved in a transfer measurement, the Monte Carlo rates would 
decrease by a factor of 2 or 10, respectively. Clearly, the counting background must be 
considered carefully in future transfer experiments in order to achieve the highest possible 
sensitivities in searches for threshold states. 

Fourth, although an improbable conjecture, one may ask how do the present reaction 
rates for T=0.02 GK change assuming that the EJi™ = 69 kcV resonance has just escaped 
detection! In other words, what are the reaction rates if we use C'^S = 1 instead of 
regarding this value as an upper limit? We find in this case an increase of the high Monte 
Carlo rate by a factor of 130, while; at the same time the ratio of high over low Monte 
Carlo rates decreases from a factor of 60 to 5. This result underscores the importance of 
searching for undetected low-energy resonances, especially in cases when the predicted 
upper limit on C'^S is relatively large. 

Fifth, we are now in a position of estimating the sensitivity of the Monte Carlo reaction 
rates to the mean value of (^p) = 0.0045 adopted in the present work for protons. The 
impact of varying this value on the resulting Monte Carlo reaction rates for ^^AF(p,7)^^Si 
at T=0.02 GK is shown in Fig. 5b. The nearly straight lines on a log-log scale translate 
into a linear dependence of the Monte Carlo reaction rates on the value of {Op). For 
example, if we would have adopted instead a value of (6'^) = 0.0090, the predicted 
reaction rates would also increase by about a factor of 2. Clearly, changing the mean 
value of the Porter-Thomas distribution (see Eq. (36) of Paper I) directly influences the 
quantiles of the cumulative reaction rate distribution. These results emphasize again the 
importance of future systematic studies of nuclear statistical properties that will provide 
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Fig. 6. Reaction rate probability density function for ^°Si(p,7)^^P at T=0.12 GK. The Monte Carlo rates 
are shown in red, while the lognormal approximation is displayed in black. The results are obtained with 
100,000 samples. The step in the distribution, indicated by the vertical dashed line, is caused by the 
truncation of the Porter-Thomas distribution at an experimental upper limit of where < (^Sp^ 
for the E™ = 169 keV resonance. The location of the step coincides with the "classical" rate that is 
computed with the upper limit value of the proton partial width, while the slope of the step is influenced 
by the energy uncertainty (±2 keV) of the above resonance. 

improved local mean values for dimensionless reduced widths (see Sec. 6 of Paper I). 
4.5. Rate of ^" Si(p,-ff^ P at T^0.12 GK 

The rate of the proton capture on ■^'^Si at a temperature of T=0.12 GK has signif- 
icant contributions from undetected resonances at EJ;"* = 52, 169 and 418 keV, and 
from direct capture (see Paper III). We find a recommended Monte Carlo reaction 
rate of Na (o'w)^^^ = 1.35 x 10~^^ cm'^mol'^s"^. The low and high rates amount to 
Na {<7v)i^^ = 6.18 X 10-12 cm^mol-^s-i and Na {(yv)^^^^ = 2.82 x 10"" cm3moris"\ 
respectively. The Monte Carlo reaction rate probability density function (red histogram) 
and the corresponding lognormal approximation (solid black line) are shown in Fig. 6. 
The Monte Carlo distribution displays a maximum, a broad tail for increasing reaction 
rates, and a sharp decline in probability around a value of « 4 x 10"^^ cm'^mol^^s^^. 
The probability density function is clearly not lognormal, a conclusion that is supported 
by the large value of = 844 for the Anderson-Darling test statistic. 

For the three undetected resonances, only upper limit contributions to the total rates 
can be obtained: we estimate spectroscopic factors (reduced widths) of C^S < 1 {dp < 
0.67) for E^" = 52 keV, C^S < 0.003 (6*2 < 0.0009) for E^™ = 169 keV, and C^S < 0.02 
(6*2 < 0.011) for E™ = 418 keV. The E^" = 169 keV resonance is located near the center 
of the Gamow peak at this temperature and thus has the strongest impact on the total 



18 



rates. Recall that in these cases we randomly sample the dimensionless reduced proton 
width according to a Porter- Thomas distribution (with a mean value of ~ 0.0045) 
that is truncated at the upper limit value, 0^^, of the dimensionless reduced width (see 
Eq. (38) of Paper I). Interestingly, for the E^™ = 169 keV resonance we find 6*2, < (6/^), 
such that the Porter-Thomas distribution is only sampled in the range of < 0.0009. 
As a result, this cutoff value propagates to the reaction rate probability density function, 
where it gives rise to a step (vertical dashed line in Fig. 6). It is also interesting to note 
that this step occurs at a reaction rate value that is close to the classically calculated 
"upper limit" of the rate. This observation is easily explained by the arguments presented 
in Sec. 3.4 of Paper I. 

We will again address the question of how the present reaction rates for T=0.12 GK 
change assuming that the E^™ = 169 keV resonance has just escaped detection, that is, 
what are the reaction rates if we use C^S = 0.003 instead of regarding this value as an 
upper limit? We find in this case an increase of the high Monte Carlo rate by a factor of 
2.5, while at the same time the ratio of high over low Monte Carlo rates decreases from 
a factor of 4.5 to 2.0. These changes are modest compared to the results we obtained 
earlier in Sec. 4.4. Clearly, the actual detection of a previously unobserved low-energy 
resonance has less of an impact when the upper limit on C^S is already relatively small 
(especially if < (^2^). 

5. Extrapolation of laboratory reaction rates to high temperatures 

The discussion in the previous sections and in Paper I emphasizes that thermonuclear 

reaction rates can be estimated reliably if the necessary ingredients, for example, non- 
resonant and broad-resonance cross sections, resonance energies and strengths, and so 
on, are known. An extra complication occurs at high temperatures (T > 1 GK): any 
experiment exhibits a cutoff at some maximum bombarding energy, E^^p^. For example, 
the value of E^p^ may be dictated by the highest energy attainable with a particle ac- 
celerator. Or the measurement is simply terminated at a bombarding energy where the 
data analysis becomes intractable, perhaps because resonances start to overlap strongly 
so that a resonant structure is not discernible anymore. At lower stellar temperatures, 
where the energy range of effective thermonuclear burning is entirely covered by exper- 
iment, the value of E^^^ is inconsequential. However, with increasing temperature a 
point is eventually reached where the reaction rates cannot be calculated anymore using 
the available experimental information alone since part of the effective energy range has 
shifted beyond E^p^. In order to address this problem a matching temperature, Thatch, 
can be determined according to 

E'{T„iaich) + AE'{Tmatch) = £^m<L (1) 

where E' and AE' denote the location and width, respectively, of the effective ther- 
monuclear energy range. For temperatures T < Thatch the reaction rates are assumed 
to be based on experimental input alone, while at T > Tmatch insufficient experimental 
information is available for calculating the total rates. In the latter case, statistical model 
(Hauser-Feshbach) reaction rates can be renormalized at the matching temperature to 
the experimental results. The renormalized Hauser-Feshbach reaction rates provide then 
the extrapolated rates at temperatures beyond Thatch- 
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The procedure; just described is generally adopted in nuclear astrophysics. (See, for 
example, Refs. [7,131], although the details of the matching method are different.) As 
long as E' and AE' can be estimated reliably, solution of Eq. (1) will yield the value 
of Tmatch- The location and width of the effective thermonuclear energy range have 
usually been identified with the center and the 1/c width of the Gamow peak (see Eq. 
(4) of Paper I). However, recent studies emphasized the fundamental shortcomings of the 
Gamow peak concept for resonances especially at elevated stellar temperatures. We will 
not repeat the discussion here and the reader is referred to Refs. [182,183] for details. In 
the following we will summarize the main ideas and results. 

Based on the known (directly measured or otherwise estimated) locations and strengths 
of resonances in a given reaction, the effective thermonuclear energy range can be ob- 
tained quantitatively in the following manner; (i) the fractional contribution of each 
resonance to the total reaction rate is calculated from the known values of resonance 
energy and strength; (ii) the cumulative distribution function of the fractional resonant 
rates is computed (which resembles a step function); (iii) the 0.50 quantile of the cu- 
mulative distribution, which is equal to the median of the fractional resonant rates, is 
identified with the energy location of the effective thermonuclear energy range, E'\ (iv) 
the 0.08 and 0.92 quantiles of the cumulative distribution are calculated. They define an 
energy range that can be identified with the width of the effective thermonuclear energy 
range, A_E'. Note that this range covers an integrated rate fraction of 84%, that is, the 
same value as the area enclosed between the 1/e points of the (Gaussian approximation 
of the) Gamow peak (Sec. 2.1 of Paper I). 

The situation is schematically displayed in Fig. 7. At a given temperature, T, the 
effective thermonuclear energy range (upper horizontal bars) is located well within the 
experimentally investigated energy region. In this particular case, Eq. (1) is precisely ful- 
filled, that is, E' + AE' is equal to the experimental cutoff energy, implying T = Thatch 
(see lower horizontal bars). For smaller temperatures, the effective thermonuclear energy 
range shifts to the left and the total reaction rate will be based on experimental informa- 
tion alone. At higher temperatures, the effective thermonuclear energy range shifts to the 
right such that resonances located beyond the experimentally investigated energy region 
may significantly contribute to the total rate. In the latter case, the rate beyond the 
matching temperature, Tmatch, may be extrapolated using the Hauser-Feshbach model. 

This method yields significantly different results at elevated temperatures compared 
to those commonly obtained by applying the Gamow peak concept. First, for radiative 
capture reactions our effective thermonuclear energy range is always located at much 
smaller energies. The reason is that, for increasing energy, a point is eventually reached 
where the entrance channel particle partial width becomes larger than the 7-ray partial 
width. Gonsequently, in such situations a Gamow peak does not exist at all. Second, 
the value of our matching temperature for radiative capture reactions is always much 
larger. This point is important since the matching of experimental and Hauser-Feshbach 
reaction rates is more reliable at higher temperatures, where the contribution from many 
resonances is a prerequisite for the applicability of the statistical theory of nuclear re- 
actions. Third, for many reactions our extrapolated rates are significantly different from 
previous estimates. This implies that for these reactions the experimental and Hauser- 
Feshbach reaction rates have different temperature dependences. In selected cases, our 
extrapolated reaction rates differ from previous results by an order of magnitude or more. 
See Ref. [183] for details. 
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Fig. 7. (Color online) (a) Fractional contributions of narrow resonances to the total reaction rate at a given 
temperature, T. The highest-lying observed resonance corresponds to the experimental cutoff energy, 
J^max't (b) Cumulative distribution of fractional resonant rates. The 0.08, 0.50 and 0.92 quantiles define 
the effective thermonuclear energy range, ETER (upper horizontal bar in panels). For this particular 
temperature, Eq. (1) is fulfilled (see lower horizontal bar in panels), that is, T = T^^t^f^. 



At elevated temperatures our tabulated reaction rates are obtained in the following 
manner. We start by estimating from the known distribution of resonance energies and 
strengths and the experimental cutoff energy, E^p^, a matching temperature, Tmatch, 
according to Eq. (1). If Thatch exceeds 10 GK, then our tabulated results are based on 
the Monte Carlo method for all temperatures of interest. Otherwise, at temperatures of 
Tmatch < T < 10 GK the "median" rate is calculated by normalizing Hauser-Feshbach 
results [10,194] to the Monte Carlo rate at the matching temperature, Tmatch, as de- 
scribed above. At these high temperatures we assume that the reaction rate probability 
density function is lognormal, as can be easily verified by visual inspection of the plots 
following the rate tables. (Recall from Paper I that a Gaussian can be described by a 
lognormal distribution without difficulty) . Consequently, the value of the lognormal lo- 
cation parameter can be computed from fi — lii{xmed) (see Eq. (39) of Paper I). The 
lognormal width parameter is approximated by the value of a at Tmatch and is kept 
constant for T > Tmatch- This assumption can be verified by inspecting the rate tables 
for the general temperature dependence of a at high values of T. The low and high rates 
are then obtained from xiow = e^~"' and Xhigh — e^+'^ (see Eq. (40) of Paper I). All 
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values of reaction rates and lognormal parameters at Tmatch < T < 10 GK that are 
found from this procedure are placed in parenthesis in the rate tables. No value of the 
Anderson-Darling statistic can be provided in this case. 

A few comments are in order. It is obvious that our extrapolated reaction rates do not 
contain the systematic uncertainty caused by adopting Hauser-Feshbach statistical model 
results. This is especially important for the present rate evaluation involving rather light 
target nuclei where the statistical model of nuclear reactions may face serious challenges. 
In fact, for the mass region considered here there even appears to be no reliable estimate 
available for the model uncertainty of Hauser-Fcshbach results. Clearly, the commonly 
quoted "factor 2 reliability" of statistical model results [122,194] seems too optimistic as 
can be seen from Fig. 5 in Iliadis et al. [131]. Furthermore, we find in exceptional cases 
(for example, ^^Na(p,7)^^Mg) that the extrapolated Hauser-Feshbach rates, normalized 
in the above manner at Tmatch, are smaller than the (unnormalized) Monte Carlo rates. 
Obviously this result is unphysical since the extrapolated Hauser-Feshbach rate must 
account for missing rate contributions. In such cases, we disregarded the Hauser-Feshbach 
results and simply placed the Monte Carlo rates in parenthesis for temperatures in excess 
of Tijidfcfi. 

6. Reaction rate modifications for stellcir model calculations 

All of the reaction rates tabulated in this work, Na {<Jv) , including the normalized and 
extrapolated Hauser-Feshbach results, are appropriate for target nuclei in their ground 
state. However, at elevated temperatures the nuclei will be thermally excited and these 
excited states may also participate in the nuclear burning. What is of primary astrophys- 
ical interest, therefore, is the stellar rate Na Wv)* , which is obtained by taking all the 
contributions from excited target states into account. Since usually cross sections involv- 
ing excited target nuclei cannot be measured directly in the laboratory, they have to be 
estimated using nuclear reaction models. At each temperature the stellar (low, median 
or high) rate may then be obtained as the product of the laboratory (low, median or 
high) rate and a stellar enhancement factor, Ru- The latter values are frequently com- 
puted using the Hauser-Feshbach model (see, for example, Angulo et al. [7] or Rauscher 
and Thielemann [194]). Numerical examples for deriving stellar from laboratory rates are 
given in Refs. [131,132] and are not repeated here. 

An inspection of the Hauser-Feshbach stellar enhancement factors tabulated in Ref. 
[194] reveals that they modify the laboratory rates presented here, even at the highest 
temperature of T=10 GK, by less than 50%. However, it must be stressed again that 
the values of the stellar enhancement factors will have an associated uncertainty, which 
is difficult to quantify at this time. In any case, the reader should keep in mind that the 
(laboratory) reaction rate uncertainties and probability density functions presented here 
may not provide, in general, an impression of the stellar reaction rate uncertainties and 
probability density functions. Clearly, more work is needed to assess the reliability of the 
Hauser-Feshbach model in the region of the light nuclei (A<40). 

In a few selected cases it is possible to estimate stellar enhancement factors without 
employing the Hauser-Feshbach model. If the total rate of a capture reaction 0-1-1 j+S 
is dominated by a number of narrow resonances labeled by p, it can be shown that the 
stellar rate is given by [132] 
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^Aiavy = -L- ^ NMavy;- E (2) 

where Gq°'''" is the normahzcd partition function of target nucleus (values are tabu- 
lated, for example, in Refs. [194,7]); Na{<7v)'^° denotes the partial ground state rate for 
resonance p; and fj, sums over the levels in the target nucleus including the ground state 
(/io)- Thus the total stellar rate is given by the sum over narrow resonance ground state 
rates, where each resonance term is modified by a factor of {l + Tp^^/Tpfj,!^ ~^^Pfj.2/^pfi.o + 
. . .), with Vpp/TpnQ denoting the ratio of particle partial widths for excited target level 
ji and the target ground state /iq- This branching ratio could either be calculated using 
the shell model or directly measured by populating the levels in question and measuring 
the corresponding particle decays to the ground and excited states. For example, it was 
found in Ref. [211] that the stellar enhancement factor for ■^^Cl(p,7)'^'^Ar based on shell 
model calculations exceeds the Hauser-Feshbach value by a factor of 5 near T = 0.2 GK. 
We would like to emphasize again the importance of shell model calculations or measure- 
ments of particle branching ratios for estimating reliable stellar rates in the future. An 
implementation of calculated or measured particle branching ratios and their associated 
uncertainties into the present Monte Carlo formalism is straightforward. 

Finally, it must be pointed out that at elevated densities the hare nuclei reaction rates 
presented here have to be corrected for electron screening effects. For more information, 
see Iliadis [132] and references therein. 



7. Reverse reaction rates 



Stellar models require as input to their reaction network not only the rate of a forward 
reaction, but that of the reverse process as well. Forward and reverse reaction rates are 
intimately connected by the reciprocity theorem. Consider the reactions + 1 2 + 3 and 
2 + 3 — )• + 1, with a number of excited states in nucleus and in nucleus 3, which are all 
in thermal equilibrium with their respective ground states. If we disregard excited states 
in the light nuclei 1 and 2 (usually protons, neutrons and a-particles) then it can be 
shown [132] that for non-identical particles the rates of the forward and reverse reaction 
are related by 

3/2 

-11.605 Q/Tg 



while for reactions involving photons, + 1^7 + 3 and 3 + 7 — >■ + 1, one finds 

^^^il^ = 9.8685. 10^ T|/^M1^ (M2MlY\-^^.^o.,/n (4) 

where gi = (2jj + 1) is the ground state statistical weight of nucleus i (ji denotes the 
spin); is the normalized partition function of nucleus i; Mi denotes the ground 

state mass (in u); Q is the ground-state Q- value of the forward reaction + 1 — >■ 2 + 3 
or + 1 -> 7 + 3 (in MeV); Tg = T/W K; and A; (3 01) is the stellar decay constant 
for photodisintegration of nucleus 3. Therefore, at any given temperature, the reverse 
rate can be computed from the forward rate in a straightforward manner once spins, 
masses, normalized partition functions and the reaction Q-value are known. It must 
be stressed that although the above relationships are sometimes erroneously applied to 
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laboratory rates, they are only correct for stellar reaction rates. Numerical examples for 
their application arc given in Refs. [131,132] and are not repeated here. 

From the present results for rates and probability density functions of a forward reac- 
tion it is straightforward to calculate, after proper corrections for thermal target excita- 
tions have been taken into account (Sec. 6), the rates and probability density functions 
of the corresponding reverse reaction. We may rewrite Eqs. (3) and (4) as NAicrv)*^^ = 
a {e^Y Na{o'v)*p, with a equal to the constant factor on the right hand sides excluding 
the exponential and c = — 11.605/Tg. The Q- value is expected to follow a Gaussian prob- 
ability density function, where the value of Q and the uncertainty AQ reported in the 
literature represent the mean and standard deviation, respectively (Sec. 4.1 in Paper I). 
Therefore, e*^ will be represented by a lognormal distribution. In most cases the forward 
rate, Na{(7v)*p, is also described by a lognormal distribution, with location and spread 
parameters of /i and a that are tabulated here. Consequently, the reverse reaction rate, 
NA{iyv)*j-^, will follow a lognormal distribution as well, with location and spread parame- 
ters of iin — ln(a) + 11 + cQ and (j\ = a"^ + c^(A(5)^, respectively (see Sec. 4.2 in Paper 
I). 

We do not present here numerical values of the lognormal parameters /i/? and for 
reverse reactions. Although it would be interesting for some applications to compute the 
probability density function of a reverse reaction, this information is usually not directly 
relevant for stellar models. In a reaction network calculation the forward and reverse rates 
are correlated, as is apparent from Eqs. (3) and (4). A Monte Carlo reaction network 
study would involve the following steps: (i) sampling over the rate of the forward reaction, 
according to a lognormal distribution with parameters of ^, and a that are presented here 
(after correcting for thermal target excitations); (ii) sampling over the reaction Q-value, 
which is described by a Gaussian probability density with a mean of Q and a standard 
deviation of AQ ; (iii) calculation of the resulting reverse rate from Eqs. (3) and (4) by 
using the same value for the rate of the forward reaction that was sampled under step (i). 
Disregarding the correlation between forward and reverse rate may greatly exaggerate 
the Monte Carlo uncertainties of selected nuclidic abundances. Finally, note that the 
procedure just described does not account for the Q-value correlation between forward 
and reverse rates when the resonance energies for the forward rate are computed from 
Er = Ex — Q. Such higher-order effects may become important in certain applications. 

8. Summary 

Wc tabulate charged particle thermonuclear reaction rates and probability density 
functions for target nuclei in the A=14 to 40 mass range, which are overwhelmingly 
based on experimental nuclear physics information. The results are obtained using a 
Monte Carlo method, which is based on physically motivated probability density func- 
tions of all nuclear physics input quantities. For the first time, an evaluation is presented 
that provides statistically meaningful low, recommended and high reaction rates. They 
are obtained at each stellar temperature from the 0.16, 0.50 and 0.84 quantilcs of the 
cumulative reaction rate distribution (corresponding to a coverage probability of 68%). 
Graphs of reaction rate probability density functions at selected temperatures and of 
reaction rate uncertainties are provided for visual inspection. 

We approximate the Monte Carlo probability density function of the total reaction 
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rate by a lognormal distribution. At each temperature, the lognormal parameters /i and 

<j are tabulated. A quantitative measure (Anderson-Darling test statistic) is provided 
for assessing the reliability of the lognormal approximation. The reasons why the actual 
Monte Carlo reaction rate probability density function frequently follows a lognormal 
distribution are discussed in detail (Sec. 4.1 and Sec. 5.4 of Paper I). The user can 
implement the approximate lognormal reaction rate probability density functions directly 
in a stellar model code for studies of stellar energy generation and nucleosynthesis. 

We provide clear evidence that the reaction rate probability density function does not 
always follow a lognormal distribution, as is sometimes erroneously claimed in the liter- 
ature. This is especially the case when the uncertainty in a resonance energy is large and 
the rate is calculated from a particle partial width, or if upper limits of partial widths 
influence the total rate. If a particular reaction rate probability density deviates signifi- 
cantly from lognormality and it turns out that stellar model calculations are sensitive to 
the shape of this distribution, then cither new measurements need to be performed in or- 
der to improve uncertainties of important input quantities, or another analytical function 
must be used that is more complicated than a lognormal distribution, but approximates 
the actual reaction rate probability density function more closely. 

The results tabulated here are appropriate for bare nuclei in the laboratory. For use 
in stellar model calculations, they must be corrected, if appropriate, at elevated tem- 
peratures for thermal target excitations and at elevated densities for electron screening 
effects. These corrections introdiicc another source of uncertainty, which is not easily 
quantified at present. Thus our laboratory reaction rate uncertainties and probability 
density functions may not provide, in general, an impression of the stellar reaction rate 
uncertainties and probability density functions. More work is called for to assess the 
reliability of Hauser-Feshbach reaction rates in the region of the light nuclei (A<40). 
The probability density function of a reverse rate is easily calculated from the tabulated 
lognormal parameters of the corresponding forward rate. However, in an actual reaction 
network study the forward and reverse rates should not be sampled independently since 
they are correlated. The nuclear physics input used to derive our results is presented in 
the subsequent paper of this series (Paper III). In the fourth paper of this series (Paper 
IV) we compare our reaction rates to previous results. 
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Fig. A.l. Schematic representation of a statistical test. The curve shows the probability density function 
of the test statistic t that is obtained under the assumption of the null hypothesis Hq (in our case, that 
the data follow a specified distribution) . The shaded area underneath the curve to the right of the critical 

value, tc, is equal to the significance level, a, and represents the probability that the hypothesis Hg is 
rejected if it is in fact true. The null hypothesis is rejected if t is observed in the critical region, t > tc- 
In such a case one concludes that "ifo is rejected at the a% level" . 

Appendix A. Statistical hypothesis tests 

The following two questions are of interest in the present work: (i) how can one de- 
cide if a given Monte Carlo reaction rate probability density function is consistent with a 
lognormal distribution? (ii) Can one provide a quantitative criterion for how well the log- 
normal distribution approximates the actual Monte Carlo probability density function? 
Both questions are related and are addressed by a branch of statistics that is referred to 
as statistical test theory. For an introduction to this topic, see Refs. [52,191]. Here wc will 
briefly describe the general ideas for the reader who is not familiar with these concepts. 

Usually one starts with an assumption, called a null hypothesis, that some data follow 
a specific distribution. In order to investigate the measure of agreement between the 
observed (or sampled) data and a given hypothesis, one constructs a function of the 
measured values, called a test statistic, t. This statistic depends on the type of test and 
has an associated probability density function, g{t). Thus one can define a critical value, 
tc, by 



such that the null hypothesis is rejected if t > tc- The critical value depends on the 
probability, a, of rejecting the null hypothesis when it is in fact true. This probability 
is referred to as the significance level of the test. The confidence level of the test, 1 — q, 
corresponds to the probability that the null hypothesis is not rejected when it is in fact 
true. For example, a relatively small significance level of a = 0.05 implies that the null 
hypothesis is rejected only 5% of the time when it is in fact true; the confidence levc;! 
amounts in this case to 95%. The relationships of the various quantities just introduced 
are displayed in Fig. A.l. 

Frequently, continuous data are binned by grouping events into specific ranges of the 
continuous variable. The standard statistical test for binned distributions is the chi- 




(A.l) 
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squared test. However, binning involves always a loss of information and, furthermore, 
there is often considerable arbitrariness as to how the bins should be chosen. Thus other, 
more powerful, tests are preferred that avoid the unnecessary binning of data. One of 
these is called Kolmogorov-Smirnov (K-S) test which uses as its statistic simply the 
maximum value of the absolute difference between two cumulative distributions. The 
K-S test has the limitation that if one estimates any parameters from a data set, then 
the probability density function of the K-S statistic involving a cumulative distribution 
that uses the estimated parameters can no longer be obtained in a simple manner. 

An alternative test that is not subject to this limitation is the Anderson-Darling (A- 
D) test which is adopted in the present work. Recall from Sec. 4.2 in Paper I that a 
random variable y = \n(:r) is Gaussian distributed if the variable x follows a lognormal 
distribution. It is computationally simpler to test for a Gaussian instead of a lognormal 
distribution. Therefore, we transform first our Monte Carlo reaction rate values, Xi, by 
using yi = i\nxi — [i)lo, where /i and a are the lognormal parameters (equivalent to the 
mean value and standard deviation for ln(x); see Paper I). The A-D test statistic is then 
defined as 

" 27 — 1 

tAD = -n-y2 i^^FiVi) + In [1 - F{yn+i-i)]) (A.2) 

1=1 

where yi are the ordered sample values, F denotes the cumulative distribution for a 
standard Gaussian (that is, with a mean of zero and a variance of unity), and n refers to 
the sample size. The critical values, tc, for the A-D test depend on the specific distribution 
that is being tested. They are tabulated in Ref. [221] for a Gaussian distribution. For 
example, one obtains in this case tc = 0.656,0.787 and 1.092 for significance levels of 
a = 0.1,0.05 and 0.01, respectively (corresponding to confidence levels of 90%, 95% and 
99%, respectively). For a finite sample size, n, the the quantity tAD needs to be replaced 
by the adjusted A-D test statistic = f 4o(l+4/n-25/n^) [221]. The null hypothesis 
is then rejected if the adjusted A-D statistic, t\j-„ exceeds the critical value, tc, that 
corresponds to a given confidence level. 

Numerical values of the A-D test statistic, t\j-„ are presented in the reaction rate 
tables of App. B for each temperature. In many cases it can be seen that t\jj exceeds 
the critical values quoted above. Regarding question (i) posed above we can thus provide 
proof that in general the; Monte Carlo reaction rate probability density function does not 
follow a lognormal distribution. Question (ii) posed above can be answered by visually 
inspecting the graphs of reaction rate probability density functions following the reaction 
rate tables. We find empirically that for values smaller than t\jj ~ 30 the lognormal 
approximation holds well and seems adequate for use in reaction network calculations. 
Note that the answers to both questions depend on the sample size: the larger n, the 
better the statistics, and the larger the likelihood that a lognormal approximation will 
be rejected by the Anderson-Darling test. 
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Appendix B. Tables and graphs of Monte Ccirlo reaction rates 

The Monte Carlo reaction rates listed below have a different meaning from the classi- 
cal reaction rates, as pointed out in the introduction and as explained in Paper I. The 
quantities presented in the tables and graphs have the following meaning: 



T Temperature in GK 

Low rate 0.16 quantile of the cumulative reaction rate distribution 

Median rate 0.50 quantile of the cumulative reaction rate distribution 

High rate 0.84 quantile of the cumulative reaction rate distribution 

All reaction rates are in units of cm^ s~^ mol~^ 

/U Parameter determining the location of the lognormal reaction 

rate probability density function 
(T Parameter determining the width of the lognormal reaction 

rate probability density function 

The Monte Carlo reaction rate probability density function is 
here approximated by a lognormal distribution (Eq. (25) of 
Paper I), 



where x stands for reaction rate and "In" denotes the natural 
logarithm. The lognormal parameters are calculated from the 
expectation value and variance of ln(a;) by using fj, = £^[ln(a;)] 
and = V[ln{x)] (Sec. 4.2 of Paper I). 

When the lognormal approximation is in agreement with the 
Monte Carlo reaction rate probability density function, which 
applies in the majority of cases, the parameters fj, and a are 
related to the low, median and high Monte Carlo reaction rate 
by ^ = \n{xmed) and a = h).{xhigh/ xiowY^"^ (see Eq. (39) of 
Paper I). Alternatively, the low, median and high rates can be 
obtained from the lognormal parameters by using xiow = e'^"'^, 
Xmed = and Xhigh = e^^" (see Eq. (40) of Paper I). These 
relationships apply to a coverage probability of 68%. Also, the 
lognormal parameter a directly indicates the factor uncertainty, 
f.u. = e" , and the skewness of the reaction rate distribution; a 
value of <T < 0.1 corresponds to a nearly symmetric (that is, 
Gaussian) distribution, while for larger values the distribution 
is noticeably skewed (Sec. 4.2 of Paper I). 
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A-D Anderson-Darling test statistic, t^^,, indicating how well the 

Monte Carlo reaction rates are approximated by a lognormal 
distribution. A value in excess of t\jj w 1 indicates that the 
reaction rate probability density function is not lognormal. 
For a value in excess of t\jy ~ 30 the lognormal approximation 
starts to deviate visually from the reaction rate probability 
density function, as can be seen by inspecting the graphs 
following the reaction rate tables. Note that regardless of the 
magnitude of i^^,, the values of ^ and a listed in the tables 
define a lognormal distribution of the same expectation vahic 
and variance as the actual Monte Carlo probability density 
function. If no value of A-D is provided, then the rates either 
have been found from extrapolation to high temperature (see 
below) or are determined by entirely different means (see 
comments). 

Values given in parenthesis are usually not obtained from the 

Monte Carlo method, but are found from extrapolation to 
elevated temperatures. In this case, the recommended rates of 
column 3 are calculated by normalizing Hauser-Feshbach results 
to the Monte Carlo rate; at the; matching temperature. Thatch 
(see Sec. 5). For T > 

Tmatch the value of the lognormal location 
parameter is found from ji = \n{xmed), while the lognormal 
width parameter is approximated by the value of a at Thatch 
and is held constant. The low and high rates are then obtained 
from xiow = e''"'^ and Xhigh = e''+'^. See Eqs. (39) and (40) of 
Paper I . No value of A-D is provided in this case. In exceptional 
cases, the extrapolated Hauser-Feshbach rates become smaller 
than the Monte Carlo rates. Since this result is unphysical, the 
Hauser-Feshbach results are disregarded and the Monte Carlo 
rates are placed in parenthesis for T > Thatch- 

Ea(;li reaction rate table is accompanied by two figures. The first of these displays the re- 
action rate ratios Na {(tv)^.^^ /Na {ctv)^^^ and Na {ctv)^^^ /Na (ctv)^^^ at temperatures 
below Tmatch] & visual inspection immediately reveals the reaction rate uncertainty at 
a given temperature. The second figure shows for selected temperatures (T=0.03, 0.06, 
0.1, 0.3, 0.6 and 1.0 GK) the Monte Carlo reaction rate probability density functions 
(in red), together with their lognormal approximations (in black). The latter curves are 
calculated with the lognormal parameters /U and a that are listed in columns 5 and 6 of 
the reaction rate tables. For a given reaction, each panel in the second figure displays 
the temperature, T, and the Anderson-Darling test statistic, A-D. Note that for each 
reaction the value of Tmatch can easily be obtained in two ways: it is equal to the lowest 
temperature for which no value of A-D is listed; it is also equal to the highest tempera- 
ture shown in the figure displaying the reaction rate uncertainties. 
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Example: For the ^^Na(p,a)^°Ne reaction at T = 0.3 GK, we obtain the following nu- 
merical results from Tab. B.26, 



{av),^^ = 1.11 X 10+00 
Na (av)^^^ = 1.26 X 10+00 
Na {<tv)^,^^ = 1.44 X 10+00 
H = 2.341 X 10-01 
a = 1.32 X IQ-oi 
A-D= 3.54 X 10+00 



The first three numbers refer to the low, median and high reaction rates. The reac- 
tion rate probability density function, assumed to follow a lognormal distribution, is 
determined by the lognormal parameters fi and a, 

f(x) = ^ l^-(lnx-0.2341)V(2.0.132^) 

0.132V27ra; 

This function is plotted as a black line in the second figure following Tab. B.26. The 
Anderson-Darling statistic amounts to t*^jy = 3.54 and, since ~ 1, the A-D test rejects 
the hypothesis that the reaction rate probability density function is given by a lognormal 
distribution. The deviation of the actual Monte Carlo reaction rate probability density 
function, shown as a red histogram, and the lognormal distribution is barely visible 
in the figure. Although the lognormal approximation is rejected by the A-D test, it is 
obvious that the black line is in close agreement with the red histogram. Consequently, 
the lognormal function given above represents a useful approximation for stellar model 
studies. The reader may also verify that the above numerical results agree with Eqs. (39) 
and (40) of Paper I. 
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Table B.l: Total thermonuclear reaction rates for ^*C(p,7)^^N. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal /i 


lognormal a 


A-D 


0.010 


2.66x10" 


-19 


3.61x10" 


-19 


5.06x10" 


-19 


-4.245 xlO"^°i 


3.24x10" 


-01 


1.96x10"^°° 


0.011 


1.81x10" 


-18 


2.49x10" 


-18 


3.46x10" 


-18 


-4.053 xlO"^oi 


3.27x10" 


-01 


1.33x10"^°° 


0.012 


9.98x10" 


-18 


1.38x10" 


-17 


1.91x10" 


-17 


-3.882 xlO"^oi 


3.24x10" 


-01 


1.73x10"^°° 


0.013 


4.60x10" 


-17 


6.30x10" 


-17 


8.84x10" 


-17 


-3.729 xlO"^°i 


3.26x10" 


-01 


1.64x10"^°° 


0.014 


1.81x10" 


-16 


2.49x10" 


-16 


3.57x10" 


-16 


-3.591 xlO"^°i 


3.29x10" 


-01 


3.62x10"^°° 


0.015 


6.35x10" 


-16 


8.67x10" 


-16 


1.22x10" 


-15 


-3.467x10"^°! 


3.25x10" 


-01 


2.04x10"^°° 


0.016 


1.97x10" 


-15 


2.73x10" 


-15 


3.83x10" 


-15 


-3.353 xlO"^oi 


3.30x10" 


-01 


1.29x10"^°° 


0.018 


1.51x10" 


-14 


2.07x10" 


-14 


2.92x10" 


-14 


-3.150x10"^°! 


3.30x10" 


-01 


1.27x10"^°° 


0.020 


8.54x10" 


-14 


1.17x10" 


-13 


1.64x10" 


-13 


-2.977x10"^°! 


3.25x10" 


-01 


1.93x10"^°° 


0.025 


2.80x10" 


-12 


3.80x10" 


-12 


5.35x10" 


-12 


-2.628x10"^°! 


3.25x10" 


-01 


2.72x10"^°° 


0.030 


3.94x10" 


-11 


5.37x10" 


-11 


7.56x10" 


-11 


-2.363 xlO"^°i 


3.26x10" 


-01 


2.87x10"^°° 


0.040 


1.86x10" 


-09 


2.53x10" 


-09 


3.52x10" 


-09 


-1.978x10"^°! 


3.19x10" 


-01 


2.82x10"^°° 


0.050 


2.83x10" 


-08 


3.90x10" 


-08 


5.43x10" 


-08 


-1.705 xlO"^oi 


3.28x10" 


-01 


1.97x10"^°° 


0.060 


2.28x10" 


-07 


3.09x10" 


-07 


4.39x10" 


-07 


-1.497x10"^°! 


3.28x10" 


-01 


3.81x10"^°° 


0.070 


1.19x10" 


-06 


1.62x10" 


-06 


2.24x10" 


-06 


-1.332 xlO"^°i 


3.22x10" 


-01 


2.42x10"^°° 


0.080 


4.68x10" 


-06 


6.38x10" 


-06 


8.85x10" 


-06 


-1.195x10"^°! 


3.20x10" 


-01 


2.46x10"^°° 


0.090 


1.48x10" 


-05 


2.03x10" 


-05 


2.83x10" 


-05 


-1.080x10"^°! 


3.19x10" 


-01 


1.22x10"^°° 


0.100 


3.90x10" 


-05 


5.33x10" 


-05 


7.56x10" 


-05 


-9.823x10"^°° 


3.26x10" 


-01 


3.59x10"^°° 


0.110 


9.39x10" 


-05 


1.27x10" 


-04 


1.75x10" 


-04 


-8.959x10"^°° 


3.12x10" 


-01 


1.85x10"^°° 


0.120 


2.02x10" 


-04 


2.75x10" 


-04 


3.80x10" 


-04 


-8.189x10"^°° 


3.18x10" 


-01 


1.66x10"^°° 


0.130 


4.02x10" 


-04 


5.46x10" 


-04 


7.58x10" 


-04 


-7.503x10"^°° 


3.23x10" 


-01 


3.05x10"^°° 


0.140 


7.61x10" 


-04 


1.02x10" 


-03 


1.40x10" 


-03 


-6.875x10"^™ 


3.11x10" 


-01 


2.55x10"^°° 


0.150 


1.36x10" 


-03 


1.80x10" 


-03 


2.50x10" 


-03 


-6.302x10"^°° 


3.10x10" 


-01 


4.34x10"^°° 


0.160 


2.34x10" 


-03 


3.10x10" 


-03 


4.26x10" 


-03 


-5.760x10"^°° 


2.98x10" 


-01 


4.78x10"^°° 


0.180 


6.51x10" 


-03 


8.37x10" 


-03 


1.12x10" 


-02 


-4.765x10"^°° 


2.72x10" 


-01 


8.20x10"^°° 


0.200 


1.67x10" 


-02 


2.08x10" 


-02 


2.66x10" 


-02 


-3.859x10"^°° 


2.37x10" 


-01 


5.92x10-^0° 


0.250 


1.24x10" 


-01 


1.45x10" 


-01 


1.74x10" 


-01 


-1.920x10"^°° 


1.73x10" 


-01 


8.47x10"^°° 


0.300 


5.81x10" 


-01 


6.58x10" 


-01 


7.55x10" 


-01 


-4.119x10"°^ 


1.35x10" 


-01 


6.31x10"^°° 
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Table B.l - continued 



T (GK) Low rate Median rate Higlr rate lognormal ji lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



1.92x10+00 
4.97x10+"" 
1.09x10+"! 
2.14x10+"! 
6.25x10+"! 
1.43x10+"^ 
2.74xl0+"2 
4.59xl0+"2 
6.95xl0+"2 
1.47xl0+°3 
2.42x10+°^ 
3.46x10+°^ 
4.54xl0+"3 
6.81x10+°^ 
9.08x10+°^ 
1.13x10+°* 
1.34x10+°* 
1.68x10+°* 
1.92x10+°* 
2.09x10+°* 
2.20x10+°* 
2.26x10+°* 
2.29x10+°* 



2.14x10+"" 
5.53x10+"" 
1.20x10+"! 
2.34x10+"! 
6.84x10+"! 
1.57x10+"^ 
3.01xl0+"2 
5.05xl0+"2 
7.72xl0+"2 
1.63xl0+"3 
2.69xl0+"3 
3.83x10+°^ 
5.01x10+"^ 
7.40x10+°^ 
9.81x10+°^ 
1.21x10+°* 
1.41x10+°* 
1.75x10+°* 
2.00x10+°* 
2.17x10+°* 
2.28x10+°* 
2.35x10+°* 
2.38x10+°* 



2.42x10+"" 
6.15x10+"" 
1.34x10+"! 
2.58x10+"! 
7.50x10+"! 
1.72xl0+"2 
3.31xl0+"2 
5.58xl0+"2 
8.52xl0+"2 
1.81xl0+"3 
2.99xl0+°3 
4.24x10+°^ 
5.52xl0+"3 
8.08x10+°^ 
1.06x10+°* 
1.29x10+°* 
1.50x10+°* 
1.84x10+°* 
2.08x10+°* 
2.25x10+°* 
2.36x10+°* 
2.43x10+°* 
2.46x10+°* 



7.670x10-"! 
1.711x10+"" 
2.493x10+"" 
3.155x10+"" 
4.227x10+"" 
5.057x10+"" 
5.707x10+"" 
6.226x10+"" 
6.647x10+"" 
7.401x10+"° 
7.898x10+"° 
8.252x10+°° 
8.519x10+°° 
8.911x10+°° 
9.193x10+°° 
9.402x10+°° 
9.559x10+°° 
9.773x10+°° 
9.902x10+°° 
9.983x10+°° 
1.003x10+°! 
1.006x10+°! 
1.008x10+°! 



1.20x10""! 
1.07x10""! 
1.02x10""! 
9.57xl0""2 
9.28xl0""2 
9.39xl0""2 
9.55xl0""2 
9.95x10""^ 
1.03x10""! 
1.05x10""! 
1.06x10"°! 
1.02x10"°! 
9.87xl0""2 
8.80xl0"°2 
7.82xl0"°2 
6.94xl0"°2 
5.87xl0"°2 
4.77xl0"°2 
4.08x10"°^ 
3.82xl0"°2 
3.69xl0"°2 
3.63xl0"°2 
3.60xl0"°2 



3.93x10+°° 
1.23x10+°° 
1.77x10+°° 
6.17x10"°! 
1.28x10+°° 
5.18x10"°! 
3.00x10"°! 
6.04x10"°! 
3.46x10"°! 
3.00x10"°! 
2.43x10"°! 
6.91x10"°! 
3.11x10"°! 
8.33x10"°! 
2.15x10+°° 
2.05x10+°° 
1.86x10+°° 
9.99x10"°! 
2.73x10"°! 
2.62x10"°! 
2.31x10"°! 
1.69x10"°! 
1.50x10"°! 



Comments: Resonance energies are deduced from excitation energies [4] and the re- 
action Q-value (Tab. 1). For the first five resonances, between E^"* = 242 and 597 
keV, we use the strengths measured by Gorres ct al. [104], their total widths being un- 
known or small. The next five resonances are broad and their partial widths are known 
[21,86,96,146,193,147,185]. It must be pointed out that only the 7-ray transition to the 
ground state has been measured for the EJ;"* = 1085 and 1230 keV resonances, so that 
their contribution should be considered as a lower limit. Following Gorres et al. [104], we 
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0.01 0.10 1.00 10.00 

Temperature (GK) 



calculate the direct capture contribution using experimental spectroscopic factors from 
Bommer et al. [30]. Only five transitions contribute significantly to the total S-factor, 
which can be parametrized as S{E) = 5.24- 1.22 x 10-^£; + 2.94 x IQ-'^E^ keV b (with 
E in keV). (Note that the nonresonant S-factor reported by Rcf. [104] does not represent 
the direct capture S-factor, but includes contributions from resonance tails.) 
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Table B.2: Total thermonuclear reaction rates for ^^C(a,7)^^0. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


1.29x10" 


-54 


2.66x10" 


-54 


6.09x10" 


-54 


-1.233x10"^°^ 


8.05x10-01 


9.05x10+00 


0.011 


1.30x10" 


-52 


2.74x10" 


-52 


6.59x10" 


-52 


-1.187x10^-02 


8.08x10-01 


6.51x10+00 


0.012 


7.71x10" 


-51 


1.63x10" 


-50 


3.99x10" 


-50 


-1.146x10^-02 


8.29x10-01 


1.11x10+01 


0.013 


2.92x10" 


-49 


6.42x10" 


-49 


1.55x10" 


-48 


-1.109x10-^02 


8.31x10-01 


8.00x10+00 


0.014 


8.14x10" 


-48 


1.75x10" 


-47 


4.30x10" 


-47 


-1.076x10-^02 


8.41x10-01 


1.00x10+01 


0.015 


1.59x10" 


-46 


3.53x10" 


-46 


8.48x10" 


-46 


-1.046x10^-02 


8.45x10-01 


8.01x10+00 


0.016 


2.55x10" 


-45 


5.43x10" 


-45 


1.35x10" 


-44 


-1.019x10^-02 


8.49x10-01 


9.89x10+00 


0.018 


3.24x10" 


-43 


7.18x10" 


-43 


1.74x10" 


-42 


-9.699x10-^01 


8.59x10-01 


8.47x10+00 


0.020 


2.04x10" 


-41 


4.58x10" 


-41 


1.16x10" 


-40 


-9.282x10^-01 


8.78x10-01 


9.42x10+00 


0.025 


8.77x10" 


-38 


2.08x10" 


-37 


5.30x10" 


-37 


-8.442x10^-01 


9.02x10-01 


5.63x10+00 


0.030 


5.39x10" 


-35 


1.25x10" 


-34 


3.30x10" 


-34 


-7.801x10-^01 


9.19x10-01 


7.40x10+00 


0.040 


8.24x10" 


-31 


1.69x10" 


-30 


3.98x10" 


-30 


-6.849x10-^01 


8.27x10-01 


1.09x10+01 


0.050 


1.72x10" 


-27 


6.25x10" 


-27 


1.44x10" 


-26 


-6.053x10^-01 


1.01x10+00 


6.69x10+01 


0.060 


6.04x10" 


-25 


3.52x10" 


-24 


9.48x10" 


-24 


-5.431x10^-01 


1.30x10+00 


1.05x10+02 


0.070 


5.29x10" 


-23 


3.66x10" 


-22 


1.02x10" 


-21 


-4.973x10-^01 


1.42x10+00 


1.23x10+02 


0.080 


1.62x10" 


-21 


1.18x10" 


-20 


3.33x10" 


-20 


-4.628x10-^01 


1.46x10+00 


1.31x10+02 


0.090 


2.50x10" 


-20 


1.76x10" 


-19 


4.96x10" 


-19 


-4.355x10^-01 


1.42x10+00 


1.25x10+02 


0.100 


2.39x10" 


-19 


1.53x10" 


-18 


4.23x10" 


-18 


-4.137x10-^01 


1.36x10+00 


1.16x10+02 


0.110 


1.54x10" 


-18 


8.86x10" 


-18 


2.43x10" 


-17 


-3.956x10^-01 


1.29x10+00 


1.05x10+02 


0.120 


8.24x10" 


-18 


4.02x10" 


-17 


1.05x10" 


-16 


-3.802x10^-01 


1.21x10+00 


9.64x10+01 


0.130 


3.41x10" 


-17 


1.41x10" 


-16 


3.59x10" 


-16 


-3.670x10^-01 


1.11x10+00 


8.17x10+01 


0.140 


1.25x10" 


-16 


4.57x10" 


-16 


1.07x10" 


-15 


-3.552x10+01 


1.03x10+00 


7.49x10+01 


0.150 


3.93x10" 


-16 


1.28x10" 


-15 


2.78x10" 


-15 


-3.446x10+01 


9.47x10-01 


6.19x10+01 


0.160 


1.17x10" 


-15 


3.38x10" 


-15 


6.76x10" 


-15 


-3.347x10+"! 


8.95x10-01 


5.00x10+01 


0.180 


7.81x10" 


-15 


1.91x10" 


-14 


3.79x10" 


-14 


-3.165x10+01 


8.44x10-01 


1.45x10+01 


0.200 


4.02x10" 


-14 


9.11x10" 


-14 


2.17x10" 


-13 


-3.000x10+01 


8.84x10-01 


4.12x10+00 


0.250 


1.31x10" 


-12 


3.45x10" 


-12 


9.64x10" 


-12 


-2.635x10+01 


9.87x10-01 


5.28x10+00 


0.300 


1.02x10" 


-10 


1.48x10" 


-10 


2.61x10" 


-10 


-2.254x10+01 


5.20x10-01 


8.26x10+01 
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Table B.2 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



8.03x10-"^ 
2.47x10""^ 
3.59xl0-"6 
3.03xl0-"5 

7.22x10-°"* 
6.72xl0""3 

3.49xl0-°2 

1.23x10-°! 

3.34x10-°! 

1.94x10+°° 

6.14x10+°° 

1.40x10+°! 

2.65x10+°! 

6.86x10+°! 

1.36xl0+°2 

2.28xl0+°2 

3.39xl0+°2 

5.83xl0+°2 

8.18xl0+°2 

1.02x10+°^ 

1.18x10+°^ 

1.30x10+°^ 

1.39x10+°^ 



9.89x10-°° 
3.00x10"°^ 
4.36x10-°° 
3.68x10-°^ 
8.77x10-°'' 
8.15x10"°-'' 
4.23xl0-°2 
1.49x10-°! 
4.03x10-°! 
2.33x10+°° 
7.34x10+°° 
1.66x10+°! 
3.10x10+°! 
(7.80x10+°! 
(1.52xl0+°2 
(2.50xl0+°2 
(3.70xl0+°2 
(6.35xl0+°2 
(8.89xl0+°2 
(l.llxl0+°3 
(1.28xl0+°3 
(1.42xl0+°3 
(1.51x10+°^ 



1.24x10"°'^ 
3.68x10"°^ 
5.36x10-"° 
4.53x10-"-^ 
1.08xl0-°3 
1.00xl0"°2 
5.19xl0-"2 
1.83x10-°! 
4.95x10""! 
2.85x10+°° 
8.91x10+°° 
2.00x10+°! 
3.68x10+°! 
(8.96x10+°!) 
(1.71xl0+°2) 
(2.78xl0+°2) 
(4.08xl0+°2) 
(6.94xl0+°2) 
(9.69xl0+°2) 
(1.21xl0+°3) 
(1.40xl0+°3) 
(1.55xl0+°3) 
(1.65xl0+°3) 



-1.842x10+"! 
-1.502x10+"! 
-1.234x10+"! 
-1.021x10+"! 
-7.036x10+"° 
-4.806x10+"° 
-3.160x10+"° 
-1.899x10+"" 
-9.037x10-°! 
8.511x10-°! 
1.998x10+°° 
2.816x10+°° 
3.441x10+°° 
(4.361x10+°°) 
(5.026x10+°°) 
(5.529x10+°°) 
(5.919x10+°°) 
(6.455x10+°°) 
(6.791x10+°°) 
(7.011x10+°°) 
(7.158x10+°°) 
(7.258x10+°°) 
(7.323x10+°°) 



2.26x10""! 

2.02x10""! 

2.01x10""! 

2.01x10""! 

2.01x10""! 

2.00x10""! 

2.00x10""! 

1.99x10""! 

1.98x10""! 

1.94x10-°! 

1.86x10-°! 

1.75x10-°! 

1.62x10-°! 
(1.36x10-°!) 
(1.15x10-°!) 
(1.04x10-°!) 
(9.61x10-°^) 
(8.86xl0-°2) 
(8.57xl0-°2) 
(8.63xl0-°2) 
(8.76xl0-°2) 
(8.88xl0-°2) 
(8.98xl0-°2) 



5.96x10+"° 
3.67x10"°! 
7.57x10"°! 
5.87x10"°! 
5.91x10"°! 
5.75x10"°! 
5.65x10-°! 
5.79x10-°! 
5.83x10-°! 
6.57x10-°! 
8.07x10-°! 
1.06x10+°° 
1.67x10+°° 



Comments: Similar to previous evaluations [99,105,157], we consider the first eight 
natural-parity levels above, and the first one below, the a-particle threshold. Resonance 
energies are deduced from excitation energies [233] and the reaction Q-value (Tab. 1). 
Resonance strengths and radiative widths for the seven higher-energy resonances have 
been measured by Gai et al. [99]. The total widths of the E^"^ = -28 and 178 keV 
resonances, which are equal to the radiative widths, and of the E!f"^ = 1987 and 2056 
keV resonances, which are equal to the a-particle widths, are known from the literature 
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Temperature (GK) 

[233]. For the -28 and 178 kcV resonances we follow Lugaro et al. [157] by adopting for 
the a-particle reduced widths values of O"^ « 0.02 and O"^ < 0.02, respectively, based 
on the results of the a-particle transfer experiment by Cunsolo et al. [54] . We assume a 
factor of two uncertainty for the adopted 9'^ value of the subthreshold resonance. Note 
that in Lugaro et al. [157] there is an apparent confusion between two levels, as it is the 
6.2 MeV state that was observed by Ref. [54], not the 6.4 MeV state. The non-resonant 
S- factor is adopted from the measurement by Gorres et al. [105]. However, it includes 
contributions from both direct capture and from broad-resonance tails. Since interference 
effects are expected between the 1~ levels [33], we assume a factor of 3 uncertainty in the 
non-rcsonant S-factor. Above T = 2.13 GK the total rate is extrapolated using Hauser- 
Feshbach results. 
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Table B.3: Total thermonuclear reaction rates for ^'*N(a,7)^^F. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal /i 


lognormal a 


A-D 


0.010 


2.62x10 


-63 


4.78x10" 


-63 


9.25x10 


-63 


-1.435x10+°^ 


6.38x10" 


-01 


1.66x10+°° 


0.011 


4.47x10 


-61 


8.38x10- 


-61 


1.63x10 


-60 


-1.383x10+°^ 


6.45x10" 


-01 


1.79x10+°° 


0.012 


4.36x10 


-59 


8.15x10" 


-59 


1.55x10 


-58 


-1.337x10+°^ 


6.39x10" 


-01 


1.46x10+°° 


0.013 


2.60x10 


-57 


4.88x10" 


-57 


9.39x10 


-57 


-1.296x10+°^ 


6.48x10" 


-01 


1.67x10+°° 


0.014 


1.02x10 


-55 


1.95x10" 


-55 


3.80x10 


-55 


-1.260x10+°^ 


6.48x10" 


-01 


2.75x10+°° 


0.015 


2.97x10 


-54 


5.63x10" 


-54 


1.08x10 


-53 


-1.226x10+°^ 


6.39x10" 


-01 


1.24x10+°° 


0.016 


6.44x10 


-53 


1.18x10" 


-52 


2.31x10 


-52 


-1.195x10+°^ 


6.37x10" 


-01 


2.91x10+°° 


0.018 


1.44x10 


-50 


2.71x10" 


-50 


5.22x10 


-50 


-1.141 xlO+°2 


6.37x10" 


-01 


2.53x10+°° 


0.020 


1.57x10 


-48 


2.86x10" 


-48 


5.48x10 


-48 


-1.094x10+°^ 


6.23x10" 


-01 


3.56x10+°° 


0.025 


1.90x10 


-44 


3.50x10" 


-44 


6.61x10 


-44 


-1.000x10+°^ 


6.31x10" 


-01 


9.76x10"°! 


0.030 


2.41x10 


-41 


4.41x10" 


-41 


8.61x10 


-41 


-9.290x10+°^ 


6.31x10" 


-01 


3.06x10+°° 


0.040 


7.88x10 


-37 


1.44x10" 


-36 


2.77x10 


-36 


-8.251x10+°^ 


6.19x10" 


-01 


4.20x10+°° 


0.050 


1.42x10 


-33 


2.52x10" 


-33 


4.71x10 


-33 


-7.503x10+°! 


6.01x10" 


-01 


5.26x10+°° 


0.060 


5.71x10 


-31 


1.04x10" 


-30 


1.93x10 


-30 


-6.904x10+°! 


5.97x10" 


-01 


6.69x10"°! 


0.070 


7.56x10 


-29 


1.78x10" 


-28 


4.85x10 


-28 


-6.385x10+°! 


8.86x10" 


-01 


8.24x10+°° 


0.080 


9.08x10 


-27 


1.85x10" 


-26 


5.37x10 


-26 


-5.912x10+°! 


8.18x10" 


-01 


5.10x10+°! 


0.090 


4.81x10 


-24 


6.06x10" 


-24 


7.82x10 


-24 


-5.345x10+°! 


2.45x10" 


-01 


5.02x10+°° 


0.100 


1.19x10 


-21 


1.42x10" 


-21 


1.70x10 


-21 


-4.800x10+°! 


1.80x10" 


-01 


3.39x10"°! 


0.110 


1.14x10 


-19 


1.34x10" 


-19 


1.57x10 


-19 


-4.345x10+°! 


1.62x10" 


-01 


3.82x10"°! 


0.120 


5.09x10 


-18 


5.90x10" 


-18 


6.82x10 


-18 


-3.967x10+°! 


1.47x10" 


-01 


3.87x10"°! 


0.130 


1.26x10 


-16 


1.44x10" 


-16 


1.64x10 


-16 


-3.648x10+°! 


1.35x10" 


-01 


3.47x10"°! 


0.140 


1.94x10 


-15 


2.20x10" 


-15 


2.49x10 


-15 


-3.375x10+°! 


1.25x10" 


-01 


3.29x10"°! 


0.150 


2.07x10 


-14 


2.33x10" 


-14 


2.61x10 


-14 


-3.139x10+°! 


1.17x10" 


-01 


3.23x10"°! 


0.160 


1.63x10 


-13 


1.82x10" 


-13 


2.03x10 


-13 


-2.933x10+°! 


1.11x10" 


-01 


3.41x10"°! 


0.180 


4.99x10 


-12 


5.53x10" 


-12 


6.12x10 


-12 


-2.592x10+°! 


1.01x10" 


-01 


3.19x10"°! 


0.200 


7.58x10 


-11 


8.33x10" 


-11 


9.17x10 


-11 


-2.321x10+°! 


9.53x10" 


-02 


3.33x10"°! 


0.250 


9.60x10 


-09 


1.05x10" 


-08 


1.15x10 


-08 


-1.837x10+°! 


8.87x10" 


-02 


3.28x10"°! 


0.300 


2.29x10 


-07 


2.50x10" 


-07 


2.73x10 


-07 


-1.520x10+°! 


8.79x10" 


-02 


3.83x10"°! 
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Table B.3 - continued 



T (GK) Low rate Median rate Higlr rate lognormal ji lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



2.13x10-°*^' 
LlOxlO-o-"^ 
3.89 xlO-"'"^ 
1.06xl0-"4 
4.98x10-"'' 
1.83x10-"-^ 
6.56x10-"-'' 
2.26xl0-"2 
6.91xl0-"2 
6.13x10-"! 
2.74x10+"" 
7.98x10+"" 
1.76x10+"! 
5.23x10+"! 
1.06x10+"^ 
1.73x10+"^ 
2.47x10+"^ 
3.94x10+"^ 
5.22xl0+"2 
6.22x10+"^ 
6.95xl0+"2 
7.45x10+"^ 
7.76xl0+"2 



2.33x10-"^ 
1.21x10-"'^ 
4.28x10-"''^ 
1.17x10-"^ 
5.46x10-"^ 
1.97x10-"'' 
6.92xl0-"3 
2.36xl0-"2 
7.23xl0-"2 
6.44x10""! 
2.89x10+"" 
8.42x10+"" 
1.86x10+"! 
5.51x10+"! 
l.llxl0+"2 
1.81xl0+"2 
2.59xl0+"2 
4.13x10+"^ 
5.48xl0+"2 
6.54xl0+"2 
7.31xl0+"2 
7.84xl0+"2 
8.18xl0+"2 



2.54x10-"*^ 
1.32x10-"^ 
4.69xl0-"-'^ 
1.28x10-"'' 
5.96x10-"'' 
2.11x10-"^ 
7.27xl0-"3 
2.47xl0-"2 
7.57xl0-"2 
6.78x10""! 
3.05x10+"" 
8.89x10+"" 
1.96x10+"! 
5.80x10+"! 
1.17xl0+"2 
1.91xl0+"2 
2.72xl0+"2 
4.34xl0+"2 
5.76xl0+"2 
6.87xl0+"2 
7.70xl0+"2 
8.27x10+"^ 
8.63x10+"^ 



-1.297x10+"! 
-1.132x10+"! 
-1.006x10+"! 
-9.057x10+"" 
-7.514x10+"" 
-6.232x10+"" 
-4.975x10+"" 
-3.746x10+"" 
-2.627x10+"" 
-4.392x10""! 
1.063x10+"" 
2.131x10+"" 
2.923x10+°" 
4.009x10+"" 
4.713x10+"" 
5.202x10+"" 
5.556x10+"" 
6.024x10+"" 
6.306x10+"" 
6.483x10+"" 
6.595x10+"" 
6.666x10+"" 
6.708x10+"" 



8.91xl0-"2 
9.09xl0-"2 
9.25xl0-"2 
9.32xl0-"2 
8.82xl0-"2 
7.08xl0-"2 
5.11xl0""2 
4.41xl0-"2 
4.54xl0-"2 
5.11x10""^ 
5.35xl0""2 
5.42xl0""2 
5.39xl0"°2 
5.24xl0""2 
5.07xl0""2 
4.95xl0""2 
4.88xl0""2 
4.88xl0""2 
4.97xl0""2 
5.09xl0""2 
5.20xl0""2 
5.31xl0""2 
5.40xl0""2 



3.33x10""! 
3.21x10""! 
3.29x10""! 
3.29x10""! 
3.72x10""! 
5.43x10""! 
2.71x10""! 
2.92x10"°! 
3.18x10"°! 
4.22x10"°! 
3.48x10"°! 
3.24x10"°! 
2.91x10"°! 
2.53x10"°! 
2.49x10"°! 
3.44x10"°! 
2.69x10"°! 
1.74x10"°! 
2.45x10"°! 
3.08x10"°! 
3.73x10"°! 
4.50x10"°! 
5.45x10"°! 



Comments: In total, 17 resonances are taken into account for calculating the reaction 
rates. Resonance energies are derived from level energies [233] and the reaction Q-value 
(Tab. 1), except for the !«F levels at 5672 and 5790 keV (E^™ = 1257 and 1375 keV), for 
which more accurate values are adopted from Ref . [38] . Resonance strengths are adopted 
from Rolfs, Charlesworth and Azuma [201]; Kieser et al. [142]; Becker et al. [24]; and 
Gorres et al. [106] (where; the latter resonance strength uncertainties listed in their Tab. 
I have been modified to include an additional 7% uncertainty from the stopping power). 
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Note that the strengths from these data sets are in mutual agreement. A number of levels 
have been disregarded: (i) E^,; = 4964 keV (E^"* = 549 keV with J'';T = 2+; 1) since 
the formation via ^^N + a is isospin-forbidden (also, the experimental upper limit for 
the strength [50] is less than the observed strength of a lower- lying resonance); (ii) levels 
with J'^ = 0+ since their population as resonances in '^'^N + a is forbidden according 
to angular momentum selection rules; and (iii) E^; = 4848 keV (J'^ = 5~; EJi™ = 434 
keV) since this (unobserved) £ = 5 resonance is presumably negligible compared to the 
observed E^" = 445 keV (^ = 1) resonance. For the doublet at E^^ = 5603 + 5605 
keV we use the summed strength adopted by Ref. [201]. For the lowest-lying observed 
resonance, EJ;™ = 445 keV, both the resonance strength [106] and the lifetime [200] 
have been measured; from these results we deduce values for F.^ and Fq in order to 
integrate the rate contribution of this resonance numerically. Fhc direct capture S-factor 
is adopted from Gorres et al. [106]. Note that their result is not based on experimental 
spectroscopic factors, but was estimated using an arbitrary value of Sa = 0.1 for the 
a-particle spectroscopic factors of all final states; we assign a factor of 2 uncertainty to 
the direct capture S-factor (yielding a fractional uncertainty of 0.79; see the numerical 
example at the end of Sec. 5.1.2 of Paper 1). 

The case of the undetected, low-energy resonance at E^™ = 237 kcV (E^, = 4652 
keV with J'^;T = 4+;l) requires further mention. The level is weakly populated in 
the ^''N(^Li,t)^*F study of Middleton et al. [169] and the differential cross sections for 
many levels are listed in their Tab. 1. The observed intensity can only be related to an 
experimental upper limit of the a-particle spectroscopic factor (since the state may have 
been populated via non-direct transfer). Experimental spectroscopic factors for levels 
that are strongly populated in ^'^N(''Li,t)^^F are presented by Tab. 2 of Cooper [48]. 
From these results we derive spectroscopic factors of < 0.0022 and = 0.018 for the 
Ex = 4652 and 4860 keV levels, respectively. Since the a-particle partial width for the 
latter state is experimentally known (F^ = 4.5 x 10~^ eV) we find an experimental upper 
limit of r4652 = (54652/54860)(r4652/r4860)r4860 < 4 j ^ lO'^^ eV, where the ratio of 

single-particle a-widths is found from the ratio of penetration factors. The population 
of this T=l state in ^^N + a is suppressed by isospin selection rules. Consequently, we 
may not use in this case (6'^) = 0.010 for the mean value of the dimensionless reduced a- 
particle width of the Porter- Thomas distribution (see discussion in Paper I). Since mean 
values of {9^} for isospin-forbidden population via a-particle capture from a T=0 target 
to a T=l state do not exist at present, we arbitrarily assume an isospin suppression 
factor of 0.001 (see also Ref. [106]); thus this level is randomly sampled using {6"^) = 
0.010 X 0.001 = 1.0 X 10~^. Raising {9^) by an order of magnitude would increase the 
total rates only at low temperatures, near T=80 MK, by about a factor of 8. 
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Table B.4: Total thermonuclear reaction rates for ^^N(a,7)^^F. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal /x 


lognormal a 


A-D 


0.010 


1.60x10" 


-61 


2.13x10" 


-61 


2.88x10" 


-61 


-1.397x10"^°^ 


2.99x10" 


-01 


2.12x10"^°° 


0.011 


2.84x10" 


-59 


3.82x10" 


-59 


5.16x10" 


-59 


-1.345 xlO"^02 


3.02x10" 


-01 


1.91x10"^°° 


0.012 


2.83x10" 


-57 


3.82x10" 


-57 


5.17x10" 


-57 


-1.299xl0"^02 


3.04x10" 


-01 


1.34x10"^°° 


0.013 


1.72x10" 


-55 


2.30x10" 


-55 


3.14x10" 


-55 


-1.258x10"^°^ 


3.01x10" 


-01 


3.03x10"^°° 


0.014 


7.06x10" 


-54 


9.40x10" 


-54 


1.29x10" 


-53 


-1.221 xlO"^°2 


3.01x10" 


-01 


2.53x10"^°° 


0.015 


2.01x10" 


-52 


2.71x10" 


-52 


3.71x10" 


-52 


-1.187xl0"^02 


3.06x10" 


-01 


2.86x10"^°° 


0.016 


4.47x10" 


-51 


6.00x10" 


-51 


8.24x10" 


-51 


-1.156xl0"^02 


3.06x10" 


-01 


2.80x10"^°° 


0.018 


1.05x10" 


-48 


1.40x10" 


-48 


1.91x10" 


-48 


-1.102x10"^°^ 


2.98x10" 


-01 


3.14x10"^°° 


0.020 


1.15x10" 


-46 


1.52x10" 


-46 


2.09x10" 


-46 


-1.055 xlO"^02 


2.99x10" 


-01 


3.75x10"^°° 


0.025 


1.41x10" 


-42 


1.88x10" 


-42 


2.61x10" 


-42 


-9.606 xlO"^oi 


3.02x10" 


-01 


3.95x10"^°° 


0.030 


1.86x10" 


-39 


2.48x10" 


-39 


3.35x10" 


-39 


-8.888 xlO"^°i 


2.97x10" 


-01 


1.99x10"^°° 


0.040 


6.53x10" 


-35 


8.69x10" 


-35 


1.19x10" 


-34 


-7.842 xlO"^°i 


3.02x10" 


-01 


3.15x10"^°° 


0.050 


1.11x10" 


-31 


1.49x10" 


-31 


2.02x10" 


-31 


-7.097x10"^°! 


2.99x10" 


-01 


1.49x10"^°° 


0.060 


3.29x10" 


-29 


4.38x10" 


-29 


5.94x10" 


-29 


-6.529x10"^°! 


2.96x10" 


-01 


3.67x10"^°° 


0.070 


3.15x10" 


-27 


4.15x10" 


-27 


5.57x10" 


-27 


-6.074x10"^°^ 


2.88x10" 


-01 


3.36x10"^°° 


0.080 


1.90x10" 


-25 


2.52x10" 


-25 


3.44x10" 


-25 


-5.663 xlO"^°i 


3.03x10" 


-01 


3.98x10"^°° 


0.090 


1.42x10" 


-23 


2.43x10" 


-23 


4.44x10" 


-23 


-5.204 xlO"^oi 


5.63x10" 


-01 


8.44x10"^°° 


0.100 


9.90x10" 


-22 


1.92x10" 


-21 


3.79x10" 


-21 


-4.769x10"^°^ 


6.66x10" 


-01 


9.92x10"°^ 


0.110 


3.80x10" 


-20 


7.55x10" 


-20 


1.51x10" 


-19 


-4.402 xlO"^°i 


6.86x10" 


-01 


4.66x10"°! 


0.120 


8.11x10" 


-19 


1.62x10" 


-18 


3.24x10" 


-18 


-4.096 xlO"^°i 


6.90x10" 


-01 


3.95x10"°! 


0.130 


1.08x10" 


-17 


2.15x10" 


-17 


4.32x10" 


-17 


-3.837x10"^°! 


6.89x10" 


-01 


4.13x10"°! 


0.140 


1.00x10" 


-16 


1.98x10" 


-16 


3.95x10" 


-16 


-3.615 xlO"^oi 


6.82x10" 


-01 


5.43x10"°! 


0.150 


7.01x10" 


-16 


1.36x10" 


-15 


2.69x10" 


-15 


-3.422 xlO"^°i 


6.66x10" 


-01 


1.02x10"^°° 


0.160 


4.02x10" 


-15 


7.49x10" 


-15 


1.45x10" 


-14 


-3.250 xlO"^oi 


6.34x10" 


-01 


2.57x10"^°° 


0.180 


8.97x10" 


-14 


1.44x10" 


-13 


2.55x10" 


-13 


-2.952 xlO"^oi 


5.18x10" 


-01 


1.51x10"^°! 


0.200 


1.45x10" 


-12 


1.95x10" 


-12 


2.92x10" 


-12 


-2.691 xlO"^oi 


3.65x10" 


-01 


4.15x10"^°! 


0.250 


3.84x10" 


-10 


4.34x10" 


-10 


4.98x10" 


-10 


-2.155 xlO"^oi 


1.38x10" 


-01 


1.15x10"^°! 


0.300 


2.05x10" 


-08 


2.26x10" 


-08 


2.48x10" 


-08 


-1.761 xlO"^oi 


9.61x10" 


-02 


6.55x10"°! 
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Table B.4 - continued 



T (GK) Low rate Median rate Higlr rate lognormal /i lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



3.95x10^°^ 

3.87x10""^ 

2.35 xlO-"'"^ 

1.00x10-"* 

8.96x10"'"^ 

4.26x10""-^ 
1.38xl0"°2 

3.56x10-02 
8.16x10""^ 

5.20x10"°! 
2.46x10+°° 
8.29x10+°° 
2.12x10+°! 
7.92x10+°! 
1.90x10+°^ 
3.55x10+°^ 
5.66xl0+°2 
1.09x10+°^ 
1.69x10+°^ 
2.30x10+°^ 
2.89x10+°^ 
3.44x10+°^ 
3.94x10+°^ 



4.30x10""^ 
4.19xl0""o 
2.54x10""''^ 
1.09x10""* 
9.81x10""* 
4.69x10""^^ 
1.52xl0-"2 
3.91xl0-"2 
8.85xl0""2 
5.47x10"°! 
2.57x10+°° 
8.64x10+°° 
2.21x10+°! 
8.25x10+°! 
1.98xl0+°2 
3.68xl0+°2 
5.87xl0+°2 
1.13x10+°^ 
1.75xl0+°3 
2.38x10+°^ 
2.99x10+°^ 
3.55xl0+°3 
4.06x10+°^ 



4.68x10"°^ 
4.55x10"°*^' 
2.77xl0-°-'^ 
1.19x10"°* 
1.08xl0"°3 
5.15x10"°-'' 
1.67xl0"°2 
4.27xl0-°2 
9.60xl0~°2 
5.78x10"°! 
2.68x10+°° 
9.02x10+°° 
2.30x10+°! 
8.60x10+°! 
2.06xl0+°2 
3.83xl0+°2 
6.09xl0+°2 
1.17x10+°^ 
1.80x10+°^ 
2.46x10+°^ 
3.08x10+°^ 
3.67x10+°^ 
4.20x10+°^ 



-1.466x10+"! 
-1.238x10+"! 
-1.058x10+"! 
-9.121x10+"" 
-6.927x10+"" 
-5.364x10+"" 
-4.188x10+"° 
-3.244x10+"" 
-2.425x10+"° 
-6.018x10"°! 
9.430x10"°! 
2.157x10+°° 
3.094x10+°° 
4.413x10+°° 
5.288x10+°° 
5.910x10+°° 
6.375x10+°° 
7.029x10+°° 
7.465x10+°° 
7.774x10+°° 
8.003x10+°° 
8.176x10+°° 
8.310x10+°° 



8.43xl0-"2 
8.12xl0""2 
8.27xl0-"2 
8.57xl0-"2 
9.12x10""^ 
9.45x10""^ 
9.46xl0-"2 
9.04xl0""2 
8.09xl0""2 
5.18xl0"°2 
4.25xl0"°2 
4.20xlO"°2 
4.21xl0""2 
4.13x10"°^ 
3.98xl0"°2 
3.82xl0"°2 
3.66xl0"°2 
3.42xl0"°2 
3.30xl0"°2 
3.25xl0"°2 
3.25xl0"°2 
3.26xl0"°2 
3.28xl0"°2 



5.12x10"°! 
3.72x10"°! 
4.29x10"°! 
3.88x10"°! 
2.30x10"°! 
2.41x10"°! 
2.80x10"°! 
3.02x10"°! 
4.24x10"°! 
1.13x10+°° 
1.63x10"°! 
2.90x10"°! 
3.19x10"°! 
3.45x10"°! 
3.96x10"°! 
4.11x10"°! 
3.96x10"°! 
4.02x10"°! 
2.51x10"°! 
3.52x10"°! 
3.36x10"°! 
2.69x10"°! 
2.79x10"°! 



Comments: Strengths have been measured directly for 61 resonances from E!f."^ = 0.536 
MeV up to E^-^ = 6.397 MeV [2,67-69,163,196-198,224,241,254]. The experimental data 
cover the entire temperature range of interest. There is a high level of coherence in these 
data sets as they all use the E^"^ = 3.526 MeV (5/2+) or E^-^ = 1.323 MeV (l/2(+)) 
resonances as references. We use the input data extracted from the same references as 
in Angulo et al. [7] (NACRE), except for the resonances between EfJ^ = 0.536 and 
2.086 MeV, where we adopt the new and more precise measurement of Wilmes et al. 
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[254]. Below 0.5 McV wc use (as in NACRE) results from the (^Li,t) transfer reaction 
experiment of de Oliveira et al. [58] , in particular for the -E^™ = 364 keV resonance whose 
contribution dominates the reaction rate in the range of 0.1 to 0.2 GK. The published 
resonance strength, to^ = (6^3) x 10^*^ cV [58], assumes a factor of 2 uncertainty for the 
DWBA analysis. Resonance energies are obtained from the excitation energies listed in 
Table 19.9 of Tilley et al. [233] and Q = 4013.74 ± 0.07 keV [11]. The largest contribution 
from the three near-threshold levels is associated with the 3.91 MeV state, but their 
total absolute contribution is too small to be of any astrophysical importance. The direct 
capture S-factor was calculated by de Oliveira et al. [58] and amounts to 5(0) = 6.148 
MeV b. 
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Table B.5: Total thermonuclear reaction rates for ^^0(a,7)^^Ne. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal fj, 


lognormal a 


A-D 




0.010 


6.29x10" 


68 


9.20x10 


-68 


1.34x10 


-67 


-1.544x10+°^ 


3.82x10-01 


1.80x10" 


-01 


0.011 


1.83x10" 


65 


2.67x10 


-65 


3.88x10 


-65 


-1.487xl0+°2 


3.83x10-01 


2.22x10" 


-01 


0.012 


2.79x10" 


63 


4.09x10 


-63 


6.01x10 


-63 


-1.437x10+°^ 


3.84x10-01 


3.38x10" 


-01 


0.013 


2.52x10" 


61 


3.68x10 


-61 


5.35x10 


-61 


-1.392x10+°^ 


3.82x10-01 


5.08x10" 


-01 


0.014 


1.45x10" 


59 


2.11x10 


-59 


3.09x10 


-59 


-1.351 xl0+°2 


3.81x10-01 


4.18x10" 


-01 


0.015 


5.87x10" 


58 


8.50x10 


-58 


1.24x10 


-57 


-1.314x10+°^ 


3.78x10-01 


3.07x10" 


-01 


0.016 


1.72x10" 


56 


2.48x10 


-56 


3.61x10 


-56 


-1.280x10+°^ 


3.72x10-01 


2.79x10" 


-01 


0.018 


6.56x10" 


54 


9.61x10 


-54 


1.41x10 


-53 


-1.221 xl0+°2 


3.85x10-01 


1.84x10" 


-01 


0.020 


1.14x10" 


51 


1.66x10 


-51 


2.44x10 


-51 


-1.169x10+°^ 


3.79x10-01 


3.17x10" 


-01 


0.025 


3.34x10" 


47 


4.93x10 


-47 


7.16x10 


-47 


-1.066xl0+°2 


3.80x10-01 


5.00x10" 


-01 


0.030 


8.77x10" 


44 


1.28x10 


-43 


1.85x10 


-43 


-9.877x10+°^ 


3.81x10-01 


4.11x10" 


-01 


0.040 


8.35x10" 


39 


1.21x10 


-38 


1.76x10 


-38 


-8.730x10+°^ 


3.75x10-01 


3.30x10" 


-01 


0.050 


2.81x10" 


35 


4.17x10 


-35 


6.03x10 


-35 


-7.917x10+°^ 


3.83x10-01 


7.59x10" 


-01 


0.060 


1.43x10" 


32 


2.08x10 


-32 


3.05x10 


-32 


-7.295x10+°^ 


3.76x10-01 


3.98x10" 


-01 


0.070 


2.04x10" 


30 


2.99x10" 


-30 


4.30x10 


-30 


-6.798x10+°^ 


3.77x10-01 


3.52x10" 


-01 


0.080 


1.25x10" 


28 


1.79x10- 


-28 


2.61x10 


-28 


-6.389x10+°^ 


3.74x10-01 


4.85x10" 


-01 


0.090 


4.50x10" 


27 


6.53x10 


-27 


9.58x10 


-27 


-6.029x10+°^ 


3.85x10-01 


9.68x10" 


-01 


0.100 


2.23x10" 


25 


4.48x10" 


-25 


1.10x10 


-24 


-5.598x10+°^ 


8.03x10-01 


2.36x10+01 


0.110 


2.12x10" 


23 


6.00x10 


-23 


1.77x10 


-22 


-5.115x10+°^ 


1.05x10+00 


1.24x10+00 


0.120 


1.48x10" 


21 


4.38x10 


-21 


1.31x10 


-20 


-4.688x10+0^ 


1.09x10+00 


2.12x10" 


-01 


0.130 


5.59x10" 


20 


1.67x10 


-19 


5.00x10 


-19 


-4.324x10+0^ 


1.09x10+00 


1.82x10" 


-01 


0.140 


1.25x10" 


18 


3.73x10 


-18 


1.12x10 


-17 


-4.013x10+01 


1.09x10+00 


1.88x10" 


-01 


0.150 


1.85x10" 


17 


5.48x10 


-17 


1.65x10 


-16 


-3.744x10+01 


1.09x10+00 


1.96x10" 


-01 


0.160 


1.93x10" 


16 


5.73x10 


-16 


1.72x10 


-15 


-3.510x10+01 


1.09x10+00 


2.04x10 


-01 


0.180 


9.52x10" 


15 


2.82x10" 


-14 


8.47x10 


-14 


-3.120x10+01 


1.09x10+00 


2.16x10 


-01 


0.200 


2.11x10" 


13 


6.28x10 


-13 


1.87x10 


-12 


-2.810x10+01 


1.09x10+00 


2.26x10" 


-01 


0.250 


5.34x10" 


11 


1.58x10 


-10 


4.74x10 


-10 


-2.257x10+01 


1.09x10+00 


2.40x10" 


-01 


0.300 


2.04x10" 


09 


6.00x10 


-09 


1.80x10 


-08 


-1.893x10+01 


1.09x10+00 


2.50x10" 


-01 
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Table B.5 - continued 



i ((jKj 


Low rate 


Median rate 


High rate 


lognormal /i 


lognormal a A-D 




U.ooU 


Z.D4X lU 


/ . M X 10 


z.ooX ID 


-i.bo / X iu 


1.09x10" 


2.61x10" 


-01 


U.4UU 


1 TT \ / 1 A — 07 


cc 1 \ / 1 A — 07 

o.loxlO 


1 c c \ / 1 A — 06 
1.55x10 


1 /I /I T \ / 1 Cl + Ol 

-1.44 / X 10 


1.09x10" 


2.95x10- 


-01 


U.4oU 


v fid -.^ 1 n— 07 


z.zzxw 


ft ft c 1 A— 06 

b.boxiU 


-i.oUl X iU ' 


1.07x10" 


4.67x10" 


-01 


U.oUU 


O C T \ / 1 A — 06 


/.loxlO 


z.lOx 10 


-l.loox 10^ 


1.04x10" 


1.29x10" 


fOO 


U.dUU 


1 A/1\/1A — 05 


A /I O \ / 1 A — 05 

4.4oXlO 


1 1 o \ V 1 A — 04 

l.loxlO 


A ArCx/IA + OO 

-9.955x10 


8.97x10" 


""! 1.34x10+°! 


0.700 


(1.12x10 ) 


(2.58x10 ) 


(5.97x10 ) 


(-8.261 x 10^ ) 


(8.37x10" 


-QU 
1 




A or\r\ 

0.800 


//I A/1n/1a — 04\ 

(4.94x10 ) 


/I 1 /I N / 1 A — 03 \ 

(1.14x10 J 


(2.64x10 ) 


/ TTr N / 1 A+00\ 

(-b.775x 10^ J 


(8.37x10" 


-on 
/ 




0.900 


(1. box 10 ) 


(d. 81x10 J 


/o 01 N/1A — 03\ 

(8.81x10 ) 


/ c r/^Ax/i A+00\ 

(-5.5b9x 10^ ) 


(8.37x10" 


""!) 




1.000 


(4.45x10 j 


/i aOn/IA — 02\ 

(1.03x10 J 


(2.o7xl0 ) 


/ A TTAn/IA+OOA 

(-4.579X 10 ) 


(8.37x10" 


"°!) 




i.zoO 


(Z.OOXiO ) 


(D.5oXlO j 


(1.51x10 j 


(-2. (^29 x 10 j 


(8.37x10" 


-on 




1.500 


(9.80x10 ) 


o or'N^iA — 01^ 

(2.26x10 ) 


oOn,ia — 01\ 

(5.2cixl0 ) 


(-1.486X 10^ ) 


(8.37x10" 


-on 
) 




1 Ten 
i.YoO 


(2.40X10 ) 


(5.68X10 j 


(l.ol X 10 j 


(-5.648X10 j 


(8.37x10" 


-01) 




2.000 


^ r: Ai N,iA — 01\ 

(5.01x10 ) 


(l.lbx 10^ j 


(2.b7x 10 ) 


/i /i/^/1n,ia — 01^ 
(1.464x10 ) 


(8.37x10" 


-01) 




z.oUU 


/1 /IA^^1A+00\ 

(1.40X 10^ j 


(o.2oX 10^ j 


(7.4dX 10 j 


/I 1 TO 1 ^-l-00^ 
(1.172X10^ j 


(8.37x10" 


-01) 




O AAA 

o.OOO 


(2.85x10^ j 


c^Av^1A-l-00^ 

(6.59x10^ ) 


(1.52X 10^ ) 


/1 OOC 1 A-t-00\ 

(1.885x10^ j 


(8.37x10" 


-01) 




o rr A A 

d.oOO 


(4.85x10^ j 


(1.12x10^ ) 


(2.59X 10^ ) 


/O /11Tv,1 A-t-00\ 

(2.417x10^ j 


(H 37x10" 


-01) 




4.000 


(7.36x10+"") 


(1.70x10+°!) 


(3.93x10+°!) 


(2.833x10+°°) 


(8.37x10" 


-01) 




5.000 


(1.37x10+°^) 


(3.16x10+°!) 


(7.31x10+°!) 


(3.454x10+°°) 


(8.37x10" 


-01) 




6.000 


(2.15x10+°^) 


(4.98x10+°!) 


(1.15xl0+°2) 


(3.907x10+°°) 


(8.37x10" 


-01) 




7.000 


(3.07x10+°^) 


(7.08x10+°!) 


(1.64xl0+°2) 


(4.261x10+°°) 


(8.37x10" 


-01) 




8.000 


(4.09x10+°^) 


(9.44x10+°!) 


(2.18xl0+°2) 


(4.548x10+°°) 


(8.37x10" 


-01) 




9.000 


(5.20x10+°!) 


(1.20xl0+°2) 


(2.78xl0+°2) 


(4.789x10+°°) 


(8.37x10" 


-01) 




10.000 


(6.62x10+°!) 


(1.53x10+°^) 


(3.53xl0+°2) 


(5.030x10+°°) 


(8.37x10" 


-01) 





Comments: Resonance energies are calculated from excitation energies [233,225] and 
the Q-value (Tab. 1). Total widths are deduced from the averaged DSAM lifetime mea- 
sured values [196,225,140,179], except for the first two resonances at 505 and 849 keV, for 
which the results of Davids et al. [57] are used. Alpha-particle partial widths are calcu- 
lated using the a-particle branching ratios adopted by Ref. [57], except for the two first 
resonances. For those we use results from a-particle transfer experiments to mirror 
states [166,58] and assume, as in Fisker et al. [91], the equality of reduced a-particle 
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widths between mirror levels. This hypothesis has been questioned [59] beeause of an 
apparent disagreement [253] between the reduced a-particle widths of the 849 keV reso- 
nance (as derived from the total width and the a-particle branching ratio [164]) and of 
the corresponding ^^F mirror state (as obtained from a ^^N(^Li,t)^'^F transfer experiment 
[58]). However, a new measurement [57] of the a-particle branching ratio has not con- 
firmed this disagreement: for the first two resonances the measured a-particle branching 
ratios [57,226] are compatible with the Fa values deduced from transfer reactions. We 
adopt a factor of 3 uncertainty for the resulting a-particle partial widths. For the mirror 
level of the 1563 keV resonance, the available spectroscopic data (T-y/T = 0.97 ± 0.03 
[192] and Ljja-y [254]) are not judged sufficient to extract a reliable a-particlc partial 
width and thus we disregard this resonance. For the direct capture component we adopt 
a constant value of 20 MeV b [151,74,91], with an assumed uncertainty of 40%. Above 
0.6 GK the total reaction rate is extrapolated using results computed with the TALYS 
statistical model code [108]. 
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Table B.6: Total thermonuclear reaction rates for ^^0(p,7)^''F. 



T (GK) Low rate Median rate High rate lognormal fj, lognormal a A-D 



0.01 


6.67x10 


-25 


7.20x10 


-25 


7.73x10 


-25 


-5.559x10+°^ 


7.36x10" 


-02 


0.011 


7.03x10 


-24 


7.58x10 


-24 


8.14x10 


-24 


-5.324x10+°^ 


7.35x10" 


-02 


0.012 


5.64x10 


-23 


6.08x10 


-23 


6.53x10 


-23 


-5.115x10+°^ 


7.33x10" 


-02 


0.013 


3.63x10 


-22 


3.91x10 


-22 


4.20x10 


-22 


-4.929x10+°^ 


7.31x10" 


-02 


0.014 


1.94x10 


-21 


2.09x10 


-21 


2.25x10 


-21 


-4.762x10+°^ 


7.30x10" 


-02 


0.015 


8.91x10 


-21 


9.60x10 


-21 


1.03x10 


-20 


-4.609x10+°^ 


7.30x10" 


-02 


0.016 


3.59x10 


-20 


3.87x10 


-20 


4.15x10 


-20 


-4.470x10+°^ 


7.27x10" 


-02 


0.018 


4.21x10 


-19 


4.54x10 


-19 


4.87x10 


-19 


-4.224x10+°^ 


7.23x10" 


-02 


0.02 


3.51x10 


-18 


3.78x10 


-18 


4.05x10 


-18 


-4.012x10+°^ 


7.20x10" 


-02 


0.025 


2.43x10 


-16 


2.62x10 


-16 


2.80x10 


-16 


-3.588x10+°^ 


7.12x10" 


-02 


0.03 


6.12x10 


-15 


6.59x10 


-15 


7.05x10 


-15 


-3.265x10+°^ 


7.06x10" 


-02 


0.04 


6.66x10 


-13 


7.16x10 


-13 


7.66x10 


-13 


-2.797x10+°^ 


6.98x10" 


-02 


0.05 


1.85x10 


-11 


1.98x10 


-11 


2.12x10 


-11 


-2.464x10+°^ 


6.96x10" 


-02 


0.06 


2.31x10 


-10 


2.48x10 


-10 


2.66x10 


-10 


-2.212x10+°^ 


6.98x10" 


-02 


0.07 


1.73x10 


-09 


1.86x10 


-09 


1.99x10 


-09 


-2.010x10+°^ 


6.99x10" 


-02 


0.08 


9.03x10 


-09 


9.71x10 


-09 


1.04x10 


-08 


-1.845x10+°^ 


7.02x10" 


-02 


0.09 


3.64x10 


-08 


3.92x10" 


-08 


4.19x10 


-08 


-1.705x10+°^ 


7.02x10" 


-02 


0.1 


1.21x10 


-07 


1.30x10 


-07 


1.39x10 


-07 


-1.586x10+°^ 


7.05x10" 


-02 


0.11 


3.44x10 


-07 


3.70x10 


-07 


3.96x10 


-07 


-1.481x10+°^ 


7.02x10" 


-02 


0.12 


8.66x10 


-07 


9.31x10 


-07 


9.97x10 


-07 


-1.389x10+°^ 


7.01x10" 


-02 


0.13 


1.98x10 


-06 


2.12x10 


-06 


2.27x10 


-06 


-1.306x10+°^ 


7.03x10" 


-02 


0.14 


4.15x10 


-06 


4.46x10 


-06 


4.77x10 


-06 


-1.232x10+°^ 


7.01x10" 


-02 


0.15 


8.13x10 


-06 


8.74x10 


-06 


9.36x10 


-06 


-1.165x10+°^ 


7.00x10" 


-02 


0.16 


1.50x10 


-05 


1.62x10 


-05 


1.73x10 


-05 


-1.103x10+°^ 


6.97x10" 


-02 


0.18 


4.45x10 


-05 


4.78x10 


-05 


5.11x10 


-05 


-9.948x10+°° 


6.97x10" 


-02 


0.2 


1.13x10 


-04 


1.21x10 


-04 


1.30x10 


-04 


-9.020x10+°° 


6.97x10" 


-02 


0.25 


7.23x10 


-04 


7.77x10 


-04 


8.31x10 


-04 


-7.160x10+°° 


6.92x10" 


-02 


0.3 


2.95x10 


-03 


3.17x10 


-03 


3.39x10 


-03 


-5.754x10+°° 


6.90x10" 


-02 
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Table B.6 - continued 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal /i 


lognormal a A-D 


0.35 


9.04x10-03 


9.70x10-0'^ 


1.04x10-02 


-4.636x10+00 


6.84x10" 


-02 


0.4 


2.26xl0-°2 


2.43x10-02 


2.59x10-02 


-3.717x10+00 


6.81x10" 


-02 


0.45 


4.90x10-02 


5.25x10-02 


5.61x10-02 


-2.947x10+00 


6.76x10" 


-02 


0.5 


9.50x10-02 


1.02x10-01 


1.09x10-01 


-2.283x10+00 


6.72x10" 


-02 


0.6 


2.81x10-01 


3.01x10-01 


3.21x10-01 


-1.200x10+00 


6.63x10" 


-02 


0.7 


6.66x10-01 


7.12x10-01 


7.59x10-01 


-3.397x10-01 


6.52x10" 


-02 


0.8 


1.35x10+00 


1.44x10+00 


1.54x10+00 


3.646x10-01 


6.42x10" 


-02 


0.9 


2.45x10+00 


2.61x10+00 


2.78x10+00 


9.594x10-01 


6.29x10" 


-02 


1.0 


4.07x10+00 


4.34x10+00 


4.61x10+00 


1.468x10+00 


6.15x10" 


-02 


1.25 


1.12x10+°^ 


1.19x10+01 


1.26x10+01 


2.476x10+00 


5.80x10" 


-02 


1.5 


2.42x10+01 


2.56x10+01 


2.70x10+01 


3.243x10+00 


5.44x10" 


-02 


1.75 


4.44x10+°! 


4.68x10+01 


4.92x10+01 


3.846x10+00 


5.15x10" 


-02 


2.0 


7.30x10+01 


7.67x10+01 


8.04x10+01 


4.340x10+00 


4.87x10" 


-02 


2.5 


1.59x10+02 


1.66x10+02 


1.73x10+02 


5.112x10+00 


4.37x10" 


-02 


3.0 


2.92x10+02 


3.04x10+02 


3.17x10+02 


5.717x10+00 


4.11x10" 


-02 


3.5 


4.71x10+02 


4.92x10+02 


5.12x10+02 


6.198x10+00 


4.17x10" 


-02 


4.0 


6.96x10+02 


7.27x10+02 


7.58x10+02 


6.589x10+00 


4.27x10" 


-02 


5.0 


1.28x10+03 


1.33x10+03 


1.39x10+03 


7.193x10+00 


4.12x10" 


-02 


6.0 


2.02x10+03 


2.11x10+03 


2.20x10+03 


7.654x10+00 


4.27x10" 


-02 


7.0 


2.90x10+03 


3.02x10+03 


3.15x10+03 


8.013x10+00 


4.13x10" 


-02 


8.0 


3.88x10+03 


4.05x10+03 


4.22x10+03 


8.306x10+00 


4.20x10" 


-02 


9.0 


4.95x10+03 


5.17x10+03 


5.39x10+03 


8.551x10+00 


4.26x10" 


-02 


10.0 


6.10x10+03 


6.37x10+03 


6.64x10+03 


8.759x10+00 


4.24x10" 


-02 



Comments: This is the only reaction analyzed here for which the rate uncertainties are 
not derived from the Monte Carlo m,ethod. The reaction rates, including uncertainties, are 
adopted from Iliadis et al. [133]. For temperatures of T>3 GK, the rates are calculated 
assuming a constant S-factor of 5(0) = 4 x 10-3 MeV b (see Fig. 2 in Iliadis et al. [133]). 
The two resonances at E^"^ = 2.50 and 3.26 MeV (Tilley et al. [232]) are negligible for 
the total rate. The lognormal parameters fjt and a are computed from columns 2-4 by 
using Eq. (39) from Paper I. 
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Table B.7: Total thermonuclear reaction rates for ^^0(a,7)^°Ne. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 




0.010 


5.10x10" 


69 


7.34x10 


-69 


1.07x10 


-68 


-1.569x10+°^ 


3.74x10- 


-01 


2.78x10- 


-01 


0.011 


1.53x10" 


66 


2.22x10 


-66 


3.24x10 


-66 


-1.512 xl0+°2 


3.73x10- 


-01 


3.20x10- 


-01 


0.012 


2.43x10" 


64 


3.51x10 


-64 


5.07x10 


-64 


-1.461 xlO+°2 


3.70x10- 


-01 


2.46x10- 


-01 


0.013 


2.18x10" 


62 


3.17x10 


-62 


4.62x10 


-62 


-1.416xl0+°2 


3.77x10- 


-01 


2.23x10- 


-01 


0.014 


1.29x10" 


60 


1.87x10 


-60 


2.71x10 


-60 


-1.375 xlO+°2 


3.73x10- 


-01 


3.80x10- 


-01 


0.015 


5.19x10" 


59 


7.54x10 


-59 


1.10x10 


-58 


-1.338xl0+°2 


3.81x10- 


-01 


7.61x10- 


-01 


0.016 


1.55x10" 


57 


2.27x10 


-57 


3.26x10 


-57 


-1.304xl0+°2 


3.72x10- 


-01 


3.48x10- 


-01 


0.018 


6.28x10" 


55 


9.00x10 


-55 


1.31x10 


-54 


-1.244xl0+°2 


3.70x10- 


-01 


5.71x10- 


-01 


0.020 


1.08x10" 


52 


1.56x10 


-52 


2.25x10 


-52 


-1.193xl0+°2 


3.67x10- 


-01 


3.35x10- 


-01 


0.025 


3.41x10" 


48 


4.93x10 


-48 


7.20x10 


-48 


-1.089xl0+°2 


3.70x10- 


-01 


1.98x10- 


-01 


0.030 


9.20x10" 


45 


1.32x10 


-44 


1.91x10 


-44 


-1.010xlO+°2 


3.71x10- 


-01 


8.31x10- 


-01 


0.040 


9.01x10" 


40 


1.30x10 


-39 


1.89x10 


-39 


-8.953x10+°^ 


3.73x10- 


-01 


4.00x10- 


-01 


0.050 


3.20x10" 


36 


4.66x10 


-36 


6.72x10 


-36 


-8.136x10+°^ 


3.67x10- 


-01 


7.37x10- 


-01 


0.060 


1.67x10" 


33 


2.39x10 


-33 


3.46x10 


-33 


-7.511x10+°^ 


3.70x10- 


-01 


1.19x10+°° 


0.070 


2.40x10" 


31 


3.45x10 


-31 


5.03x10 


-31 


-7.014x10+°^ 


3.69x10- 


-01 


5.30x10- 


-01 


0.080 


1.47x10" 


29 


2.11x10 


-29 


3.09x10 


-29 


-6.602x10+°^ 


3.69x10- 


-01 


6.26x10- 


-01 


0.090 


4.70x10" 


28 


6.78x10 


-28 


9.71x10 


-28 


-6.256x10+°^ 


3.63x10- 


-01 


5.44x10- 


-01 


0.100 


9.27x10" 


27 


1.33x10 


-26 


1.92x10 


-26 


-5.958x10+°^ 


3.65x10- 


-01 


2.78x10- 


-01 


0.110 


1.28x10" 


25 


1.83x10 


-25 


2.64x10 


-25 


-5.696x10+°! 


3.63x10- 


-01 


5.45x10- 


-01 


0.120 


1.28x10" 


24 


1.84x10 


-24 


2.67x10 


-24 


-5.465x10+°! 


3.64x10- 


-01 


3.38x10- 


-01 


0.130 


1.01x10" 


23 


1.45x10 


-23 


2.10x10 


-23 


-5.258x10+°! 


3.64x10- 


-01 


6.57x10- 


-01 


0.140 


6.66x10" 


23 


9.48x10 


-23 


1.37x10 


-22 


-5.071x10+°! 


3.52x10- 


-01 


9.78x10- 


-01 


0.150 


3.65x10" 


22 


5.12x10 


-22 


7.44x10 


-22 


-4.901x10+°! 


3.56x10- 


-01 


1.31x10- 


fOO 


0.160 


1.68x10" 


21 


2.38x10 


-21 


3.39x10 


-21 


-4.748x10+"! 


3.53x10- 


-01 


1.65x10+°° 


0.180 


2.61x10" 


20 


3.73x10 


-20 


5.29x10 


-20 


-4.474x10+°! 


3.53x10- 


-01 


2.36x10- 


-01 


0.200 


2.97x10" 


19 


4.12x10 


-19 


5.79x10- 


-19 


-4.233x10+°! 


3.33x10- 


-01 


1.74x10- 


fOO 


0.250 


3.32x10" 


16 


4.22x10 


-16 


5.34x10 


-16 


-3.541x10+°! 


2.41x10- 


-01 


3.74x10- 


-01 


0.300 


2.21x10" 


13 


2.86x10 


-13 


3.71x10 


-13 


-2.888x10+°! 


2.60x10- 


-01 


3.70x10- 


-01 
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Table B.7 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



2.51x10"" 
8.77x10-1° 
1.41x10-"* 
1.31x10""^ 
3.82x10"°'^ 
4.34x10""'"^ 
2.69x10-°"* 
l.llxlO-°3 
3.43x10-°^ 
2.54xl0-°2 
9.32xl0-°2 
2.30x10"°^ 
4.45x10-°^ 
1.08x10+°° 
1.95x10+°° 
3.00x10+°° 
4.29x10+°° 
8.05x10+°° 
1.49x10+°^ 
2.72x10+°^ 

(4.70x10+°!) 

(7.60x10+°!) 

(1.15xl0+°2) 



3.21x10"" 
1.11x10"°^ 
1.75x10-°* 
1.60x10"°^ 
4.56x10"°^ 
5.08x10"°^ 
3.12x10"°'' 
1.28xl0-°3 
3.94x10"°^ 
2.90xl0"°2 
1.06x10"°! 
2.62x10"°! 
5.06x10"°! 
1.23x10+°° 
2.20x10+°° 
3.37x10+°° 
4.76x10+°° 
8.71x10+°° 
1.58x10+°! 
2.86x10+°! 

(4.94x10+°!) 

(8.01x10+°!) 

(1.21xl0+°2) 



4.12x10"!! 
1.41x10"°*^ 
2.19x10-"* 
1.98x10-"^ 
5.49x10-"*^ 
5.98x10""^ 
3.62x10-"'^ 
1.47xl0-"3 
4.50x10""^ 
3.30xl0""2 
1.21x10"°! 
2.97x10"°! 
5.74x10"°! 
1.40x10+°° 
2.48x10+°° 
3.77x10+°° 
5.27x10+°° 
9.44x10+°° 
1.68x10+°! 
3.00x10+°! 

(5.20x10+"!) 

(8.47x10+"!) 

(1.28xl0+"2) 



-2.416x10+"! 
-2.062x10+"! 
-1.786x10+"! 
-1.564x10+"! 
-1.229x10+"! 
-9.885x10+"° 
-8.072x10+"° 
-6.662x10+"° 
-5.539x10+"° 
-3.542x10+°° 
-2.243x10+°° 
-1.341x10+°° 
-6.827x10"°! 
2.081x10"°! 
7.893x10"°! 
1.214x10+°° 
1.560x10+°° 
2.166x10+°° 
2.761x10+°° 
3.352x10+°° 
(3.901x10+°°) 
(4.385x10+°°) 
(4.800x10+°°) 



2.52x10-"! 3 
2.40x10""! 3 
2.25x10""! 5 
2.10x10""! 6 
1.82x10""! 8 
1.61x10""! 6 
1.48x10""! 3 
1.40x10""! 2 
1.35x10""! 2 
1.30x10""! 4 
1.29x10"°! 5 
1.29x10"°! 5 
1.29x10"°! 6 
1.26x10"°! 7 
1.21x10"°! 8 
1.13x10"°! 1 
1.03x10"°! 1 
7.97x10"°^ 1 
5.94x10"°^ 9 
5.05x10"°^ 8 
(5.13xl0"°2) 
(5.49xl0"°2) 
(5.83xl0"°2) 



,69x10"°! 
,97x10"°! 
,14x10"°! 
,61x10"°! 
,35x10"°! 
,21x10"°! 
,26x10"°! 
,44x10"°! 
,54x10"°! 
,08x10"°! 
,15x10"°! 
,88x10"°! 
,58x10"°! 
,39x10"°! 
,83x10"°! 
,02x10+°° 
07x10+0° 
,25x10+°° 
,35x10"°! 
,39x10"°! 



Comments: In total, 22 resonances at energies of E^™ = 892-7671 keV are consid- 
ered. Resonance energies axe calculated using the excitation energies listed in Tab. 20.17 
of Tillcy ct al. [234]. Resonance strengths are adopted from Refs. [234,168,7]. For the 
gem _ -|^05g ]jgY resonance, the a-particle and 7-ray partial widths are obtained from 
the measured resonance strength together with a value of = 28 ± 3 eV from (a, a) 
scattering [161]. For the E^"* = 892 kcV resonance, the partial widths are deduced from 
measured values of the resonance strength [234] and the mean lifetime [3] . The a-particle 
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width is identified with the larger solution of the quadratic equation, in agreement with 
the a-particle width deduced from the (^Li,d) study of Ref. [167]. The direct capture 
S-factor is adopted from Fig. 1 of Mohr [171], where we disregard the transitions arising 
from the EJ;™ = 1058 keV resonance tail (they arc explicitly taken into account in the 
numerical integration of the resonant reaction rate). 
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Table B.8: Total thermonuclear reaction rates for ^''0(p,7)^^F. 



T (GK) Low rate Median rate High rate lognormal /x lognormal a A-D 



0.010 


2.95x10 


-25 


3.58x10" 


-25 


4.38x10- 


-25 


-5.629x10+°^ 


2.02x10- 


-01 


7.75x10"°! 


0.011 


3.10x10 


-24 


3.78x10- 


-24 


4.64x10" 


-24 


-5.393x10+°! 


2.01x10- 


-01 


1.77x10+°° 


0.012 


2.51x10 


-23 


3.09x10- 


-23 


3.81x10" 


-23 


-5.183x10+°! 


2.08x10- 


-01 


2.58x10"°! 


0.013 


1.64x10 


-22 


1.99x10- 


-22 


2.45x10" 


-22 


-4.996x10+°! 


2.03x10- 


-01 


7.69x10"°! 


0.014 


8.83x10 


-22 


1.08x10- 


-21 


1.33x10" 


-21 


-4.827x10+°! 


2.05x10- 


-01 


7.02x10"°! 


0.015 


4.08x10 


-21 


4.98x10- 


-21 


6.14x10" 


-21 


-4.675x10+°! 


2.07x10- 


-01 


3.50x10"°! 


0.016 


1.65x10 


-20 


2.02x10- 


-20 


2.50x10" 


-20 


-4.534x10+°! 


2.05x10- 


-01 


5.34x10"°! 


0.018 


1.98x10 


-19 


2.42x10- 


-19 


2.96x10" 


-19 


-4.287x10+°! 


2.03x10- 


-01 


2.96x10"°! 


0.020 


1.69x10 


-18 


2.06x10- 


-18 


2.51x10" 


-18 


-4.072x10+°! 


1.99x10- 


-01 


4.32x10"°! 


0.025 


1.67x10 


-16 


1.97x10- 


-16 


2.32x10" 


-16 


-3.616x10+°! 


1.62x10- 


-01 


2.78x10"°! 


0.030 


8.35x10 


-15 


9.69x10- 


-15 


1.12x10" 


-14 


-3.227x10+°! 


1.46x10- 


-01 


5.61x10"°! 


0.040 


2.13x10 


-12 


2.47x10- 


-12 


2.88x10" 


-12 


-2.672x10+°! 


1.53x10- 


-01 


2.19x10"°! 


0.050 


6.56x10 


-11 


7.62x10- 


-11 


8.88x10" 


-11 


-2.330x10+°! 


1.52x10- 


-01 


2.21x10"°! 


0.060 


6.61x10 


-10 


7.66x10- 


-10 


8.88x10" 


-10 


-2.099x10+°! 


1.48x10- 


-01 


3.45x10"°! 


0.070 


3.61x10 


-09 


4.13x10- 


-09 


4.76x10" 


-09 


-1.930x10+°! 


1.40x10- 


-01 


3.91x10"°! 


0.080 


1.38x10 


-08 


1.58x10- 


-08 


1.79x10" 


-08 


-1.797x10+°! 


1.32x10- 


-01 


2.82x10"°! 


0.090 


4.31x10 


-08 


4.93x10- 


-08 


5.66x10" 


-08 


-1.682x10+°! 


1.37x10- 


-01 


3.36x10"°! 


0.100 


1.21x10 


-07 


1.39x10- 


-07 


1.61x10" 


-07 


-1.579x10+°! 


1.44x10- 


-01 


7.56x10"°! 


0.110 


3.13x10 


-07 


3.64x10- 


-07 


4.25x10" 


-07 


-1.482x10+°! 


1.54x10- 


-01 


8.33x10"°! 


0.120 


7.69x10 


-07 


9.02x10- 


-07 


1.07x10" 


-06 


-1.391x10+°! 


1.64x10- 


-01 


1.22x10+°° 


0.130 


1.78x10 


-06 


2.11x10- 


-06 


2.52x10" 


-06 


-1.306x10+°! 


1.75x10- 


-01 


1.27x10+°° 


0.140 


3.87x10 


-06 


4.65x10- 


-06 


5.65x10" 


-06 


-1.227x10+°! 


1.92x10- 


-01 


3.24x10+°° 


0.150 


7.96x10 


-06 


9.65x10- 


-06 


1.19x10" 


-05 


-1.154x10+°! 


2.03x10- 


-01 


3.39x10+°° 


0.160 


1.53x10 


-05 


1.87x10- 


-05 


2.33x10" 


-05 


-1.088x10+°! 


2.16x10- 


-01 


5.58x10+°° 


0.180 


4.85x10 


-05 


5.99x10- 


-05 


7.57x10" 


-05 


-9.710x10+°° 


2.30x10- 


-01 


4.94x10+°° 


0.200 


1.29x10 


-04 


1.60x10- 


-04 


2.02x10" 


-04 


-8.729x10+°° 


2.32x10- 


-01 


7.83x10+°° 


0.250 


8.64x10 


-04 


1.05x10- 


-03 


1.32x10" 


-03 


-6.841x10+°° 


2.21x10- 


-01 


1.05x10+°! 


0.300 


3.89x10 


-03 


4.61x10- 


-03 


5.57x10" 


-03 


-5.371x10+°° 


1.84x10- 


-01 


5.84x10+°° 
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Table B.8 - continued 



T (GK) Low rate Median rate Higlr rate lognormal /i lognorinal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



1.64xl0""2 
6.87xl0""2 

2.53x10-"! 
7.85x10-°! 
4.59x10+0° 
1.65x10+"! 
4.31x10+"! 
9.03x10+"! 
1.62xl0+"2 
4.49xl0+"2 
8.59xl0+"2 
1.33x10+°^ 
1.82xl0+°3 
2.69x10+03 
3.38x10+°^ 
3.85x10+°^ 
4.14x10+°^ 
4.33x10+°^ 
4.24x10+°^ 
4.04x10+°^ 
3.80x10+°^ 
3.58x10+°^ 
3.34x10+°^ 



1.87xl0-"2 
7.71xl0-"2 
2.85x10-"! 
8.86x10-"! 
5.20x10+"" 
1.87x10+"! 
4.88x10+"! 
1.02xl0+"2 
1.82xl0+"2 
5.02xl0+"2 
9.59xl0+"2 
1.48x10+°^ 
2.02x10+"^ 
2.99x10+°^ 
3.74x10+°^ 
4.25x10+°^ 
4.56x10+°^ 
4.78x10+°^ 
4.66xl0+°3 
4.44xl0+°3 
4.18x10+°^ 
3.93x10+°^ 
3.68x10+°^ 



2.15xl0-"2 
8.69xl0-°2 

3.22x10-"! 
1.01x10+"" 
5.94x10+"" 
2.13x10+"! 
5.55x10+"! 
1.15xl0+"2 
2.06xl0+"2 
5.66xl0+°2 
1.08xl0+"3 
1.66x10+°^ 
2.25x10+"^ 
3.32x10+°^ 
4.13x10+°^ 
4.71x10+°^ 
5.03x10+°^ 
5.26x10+°^ 
5.14x10+°^ 
4.90x10+°^ 
4.61x10+°^ 
4.32x10+°^ 
4.04xl0+°3 



-3.974x10+"" 
-2.561x10+"" 
-1.253x10+"" 
-1.186x10-"! 
1.651x10+"" 
2.932x10+"" 
3.889x10+"" 
4.626x10+"" 
5.206x10+"" 
6.222x10+°" 
6.868x10+"° 
7.305x10+°° 
7.613x10+°° 
8.004x10+°° 
8.227x10+°° 
8.356x10+°° 
8.425x10+°° 
8.471x10+°° 
8.449x10+°° 
8.400x10+°° 
8.340x10+°° 
8.276x10+°° 
8.211x10+°° 



1.37x10-"! 
1.18x10-"! 
1.21x10-"! 
1.26x10-"! 
1.29x10-"! 
1.28x10-"! 
1.26x10""! 
1.22x10""! 
1.22x10""! 
1.15x10""! 
1.13x10"°! 
1.10x10"°! 
1.07x10"°! 
1.05x10"°! 
1.02x10"°! 
9.98xl0"°2 
9.86xl0"°2 
9.55xl0"°2 
9.60xl0"°2 
9.72xl0"°2 
9.59xl0"°2 
9.56xl0"°2 
9.47xl0"°2 



2.27x10+°° 
4.84x10"°! 
4.77x10"°! 
9.20x10"°! 
1.61x10+°° 
1.11x10+°° 
1.98x10+°° 
1.06x10+°° 
1.66x10+°° 
8.66x10"°! 
1.14x10+°° 
7.23x10"°! 
5.69x10"°! 
3.17x10"°! 
5.57x10"°! 
1.53x10+°° 
1.79x10"°! 
5.42x10"°! 
1.29x10+°° 
5.26x10"°! 
6.81x10"°! 
4.09x10"°! 
6.12x10"°! 



Comments: In total, 16 resonances in the range of E^™ < 1271 keV are taken into 
account, including two subthreshold resonances at —3 keV (1+) and —2 keV (1-). The 
energy of the resonance at EJ;™ = 65.1 ±0.5 keV is obtained from the corrected excitation 
energy E^ = 5671.6±0.2 keV reported in Chafa et al. [38]. For the E^" = 183 and 490 keV 
resonances, the strengths are adopted from Fox et al. [95]. For E^™ > 490 keV, strengths 
are reported in Ref. [199]. These results have to be rcnormalizcd (sec comments in Ref. 
[95]) by using the correct resonance strength for E5;'"=609 keV in ^''Al(p,7)^*Si. For the 



60 



"0(p.Y)^^F 




0.01 0.10 1.00 10.00 



Temperature (GK) 

EJi'" = 490 keV resonance, the strength value from Ref. [95] and the renormahzed value 
from Ref. [199] are in good agreement. Strengths are also presented in Ref. [213], but have 
been disregarded since they seem to deviate from the results of Refs. [95,199] by a factor 
of 2. Two-level interferences between the 1^ resonances at —2 keV and 65 kcV, between 
the 2~ resonances at 183 keV and 1037 keV, and between the 2+ resonances at 677 keV 
and 779 keV, are explicitly taken into account. Since the signs of the interferences are 
unknown, the signs are sampled randomly using a binary probability density function (see 
Sec 4.4 in Paper I) . The direct capture S-factor is adopted from the recent measurement 
of Newton et al. [184]. 
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Table B.9: Total thermonuclear reaction rates for ^^0(p,a)^^N. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


5.05x10" 


-25 


5.89x10 


-25 


6.99x10" 


-25 


-5.578x10+°^ 


1.65x10- 


-01 


5.08x10+°° 


0.011 


5.35x10- 


-24 


6.21x10 


-24 


7.28x10" 


-24 


-5.343x10+°^ 


1.56x10" 


-01 


4.30x10+°° 


0.012 


4.37x10" 


-23 


5.04x10 


-23 


5.85x10" 


-23 


-5.134x10+°! 


1.49x10" 


-01 


2.34x10+°° 


0.013 


2.89x10" 


-22 


3.30x10 


-22 


3.82x10" 


-22 


-4.946x10+°! 


1.42x10" 


-01 


4.30x10+°° 


0.014 


1.60x10" 


-21 


1.82x10 


-21 


2.09x10" 


-21 


-4.775x10+°! 


1.35x10" 


-01 


2.65x10+°° 


0.015 


7.69x10" 


-21 


8.75x10 


-21 


10.00x10 


-21 


-4.618x10+°! 


1.32x10" 


-01 


5.43x10"°! 


0.016 


3.32x10" 


-20 


3.77x10 


-20 


4.30x10" 


-20 


-4.472x10+°! 


1.29x10" 


-01 


6.47x10"°! 


0.018 


5.87x10" 


-19 


6.81x10 


-19 


7.92x10" 


-19 


-4.183x10+°! 


1.49x10" 


-01 


6.69x10"°! 


0.020 


1.29x10" 


-17 


1.57x10 


-17 


1.92x10" 


-17 


-3.869x10+°! 


1.98x10" 


-01 


4.34x10"°! 


0.025 


1.25x10" 


-14 


1.52x10 


-14 


1.85x10" 


-14 


-3.182x10+°! 


2.02x10" 


-01 


3.89x10"°! 


0.030 


1.44x10" 


-12 


1.73x10 


-12 


2.09x10" 


-12 


-2.708x10+°! 


1.88x10" 


-01 


3.13x10"°! 


0.040 


5.11x10" 


-10 


6.07x10 


-10 


7.14x10" 


-10 


-2.122x10+°! 


1.70x10" 


-01 


4.95x10"°! 


0.050 


1.60x10" 


-08 


1.89x10 


-08 


2.24x10" 


-08 


-1.778x10+°! 


1.69x10" 


-01 


2.67x10"°! 


0.060 


1.51x10" 


-07 


1.79x10 


-07 


2.10x10" 


-07 


-1.554x10+°! 


1.68x10" 


-01 


2.57x10"°! 


0.070 


7.23x10" 


-07 


8.59x10 


-07 


1.02x10" 


-06 


-1.397x10+°! 


1.71x10" 


-01 


4.52x10"°! 


0.080 


2.33x10" 


-06 


2.75x10 


-06 


3.27x10" 


-06 


-1.280x10+°! 


1.73x10" 


-01 


2.72x10"°! 


0.090 


6.03x10" 


-06 


7.07x10 


-06 


8.31x10" 


-06 


-1.186x10+°! 


1.62x10" 


-01 


1.88x10"°! 


0.100 


1.59x10" 


-05 


1.80x10 


-05 


2.06x10" 


-05 


-1.092x10+°! 


1.29x10" 


-01 


2.21x10+°° 


0.110 


4.88x10" 


-05 


5.27x10 


-05 


5.73x10" 


-05 


-9.848x10+°° 


8.26x10" 


-02 


1.50x10+°° 


0.120 


1.58x10" 


-04 


1.69x10 


-04 


1.79x10" 


-04 


-8.688x10+°° 


6.24x10" 


-02 


2.27x10"°! 


0.130 


4.84x10" 


-04 


5.12x10 


-04 


5.41x10" 


-04 


-7.578x10+°° 


5.71x10" 


-02 


3.05x10"°! 


0.140 


1.32x10" 


-03 


1.40x10 


-03 


1.48x10" 


-03 


-6.573x10+°° 


5.96x10" 


-02 


2.23x10"°! 


0.150 


3.19x10" 


-03 


3.38x10" 


-03 


3.58x10" 


-03 


-5.691x10+°° 


5.87x10" 


-02 


2.87x10"°! 


0.160 


6.91x10" 


-03 


7.35x10 


-03 


7.80x10" 


-03 


-4.914x10+°° 


6.06x10" 


-02 


2.78x10"°! 


0.180 


2.52x10" 


-02 


2.68x10 


-02 


2.84x10" 


-02 


-3.620x10+°° 


5.99x10" 


-02 


1.03x10"°! 


0.200 


7.01x10" 


-02 


7.43x10 


-02 


7.89x10" 


-02 


-2.600x10+°° 


6.01x10" 


-02 


2.33x10"°! 


0.250 


4.29x10" 


-01 


4.54x10 


-01 


4.82x10" 


-01 


-7.885x10-°! 


5.74x10 


-02 


3.99x10-°! 


0.300 


1.59x10+°° 


1.68x10+°° 


1.77x10+°° 


5.161x10"°! 


5.41x10" 


-02 


2.71x10"°! 
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Table B.9 - continued 



T (GK) Low rate Median rate High rate lognormal ji lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



5.87x10+"" 
2.33x10+"^ 
8.24x10+"! 
2.41xl0+"2 
1.26xl0+"3 
4.15x10+"-'' 
1.03xl0+"4 
2.09x10+"'' 
3.74x10+"'' 
1.12x10+"^ 
2.51x10+"^ 
4.76x10+"^ 
8.03x10+°^ 
(1.71x10+"^ 
(3.04x10+°^ 
(4.86x10+"^ 
(7.14x10+"^ 
(1.30x10+"^ 
(2.02x10+"^ 
(2.85x10+"'^ 
(3.76x10+"^ 
(4.71x10+"^ 
(5.90x10+"'^ 



6.28x10+"" 
2.55x10+"! 
9.13x10+"! 
2.68xl0+"2 
1.40xlO+"3 
4.58X10+"-'' 
1.12xl0+"4 
2.27x10+"" 
4.03x10+"" 
1.19x10+"^ 
2.64x10+"^ 
4.99x10+"^ 
8.39x10+"^ 
(1.79x10+06) 
(3.18x10+"^) 
(5.08x10+°^) 
(7.46xl0+"6) 
(1.36x10+"^) 
(2.12x10+"^) 
(2.98x10+"^) 
(3.93x10+"^) 
(4.92x10+"^) 
(6.17x10+"^) 



6.74x10+"" 
2.82x10+"! 
1.02xl0+"2 
3.00xl0+"2 
1.56x10+"-' 
5.08x10+"-' 
1.24x10+"" 
2.49x10+"" 
4.38x10+"" 
1.28x10+"^ 
2.80x10+"^ 
5.24x10+"^ 
8.76x10+"^ 
(1.87x10+"" 
(3.33x10+"" 
(5.31x10+"" 
(7.80x10+"" 
(1.42x10+"^ 
(2.21x10+"^ 
(3.12x10+"^ 
(4.10x10+"^ 
(5.14x10+"^ 
(6.45x10+"^ 



1.839x10+"" 
3.242x10+"" 
4.517x10+"" 
5.593x10+"" 
7.243x10+"" 
8.432x10+"" 
9.328x10+"" 
1.003x10+"! 
1.061x10+"! 
1.169x10+"! 
1.249x10+"! 
1.312x10+°! 
1.364x10+"! 

(1.440x10+"! 

(1.497x10+"! 

(1.544x10+"! 

(1.583x10+"! 

(1.642x10+"! 

(1.687x10+"! 

(1.721x10+"! 

(1.749x10+"! 

(1.771x10+"! 

(1.794x10+"! 



6.91xl0""2 
9.70xl0""2 
1.08x10-"! 
1.11x10""! 
1.08x10""! 
1.01x10""! 
9.39xl0""2 
8.69xl0""2 
8.03xl0""2 
6.58xl0-"2 
5.46xl0-"2 
4.73x10-"^ 
4.44xlO-"2 
(4.43xl0-"2) 
(4.43xl0-"2) 
(4.43xl0-"2) 
(4.43xl0-"2) 
(4.43xl0-"2) 
(4.43xl0-"2) 
(4.43xl0-"2) 
(4.43xl0-"2) 
(4.43xl0-"2) 
(4.43xl0-"2) 



1.77x10+"" 
1.24x10+"" 
9.51x10""! 
8.86x10""! 
9.60x10""! 
1.15x10+"" 
1.36x10+"" 
1.55x10+"" 
1.63x10+"" 
1.78x10+"" 
1.24x10+"" 
7.52x10""! 
5.91x10"°! 



Comments: In total, 24 resonances in the range of E^™ < 1685 keV are taken into 
account, including two subthreshold resonances at —3 keV (1+) and —2 keV (1"). The 
energy of the resonance at EJ;"' = 65.1 ±0.5 keV is obtained from the corrected excitation 
energy E^^ = 5671.6 ± 0.2 keV reported in Chafa et al. [38]. For the E^™ = 183 keV 
resonance, the weighted average values of the energies and strengths measured by Chafa 
et al. [38], Newton et al. [181] and Moazcn et al. [170] arc adopted. For all resonances 
above EJ;™ = 500 keV, the partial widths are adopted from the R-matrix analysis (see 
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Temperature (GK) 

Tab. 3 of Kiescr ct al. [143]). Two-level interferenees between the 1^ resonances at —2 
keV and 65 keV, and between the 2~ resonances at 183 keV and 1203 keV, are explicitly 
taken into account. Since the signs of the interferences are unknown, the signs are sampled 
randomly using a binary probability density function (see Sec 4.4 in Paper I). 
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Table B.IO: Total thermonuclear reaction rates for ^^0(p,7)^®F. 



T (GK) Low rate Median rate High rate lognormal jj. lognormal a A-D 



0.010 


9.63x10" 


24 


1.75x10 


-23 


3.16x10 


-23 


-5.240x10+°^ 


5.88x10" 


-01 


4.90x10"°! 


0.011 


7.72x10" 


23 


1.35x10 


-22 


2.38x10 


-22 


-5.035x10+°^ 


5.57x10- 


-01 


9.17x10"°! 


0.012 


4.68x10" 


22 


7.89x10 


-22 


1.34x10 


-21 


-4.858x10+°! 


5.21x10- 


-01 


2.31x10+°° 


0.013 


2.37x10" 


21 


3.71x10 


-21 


6.11x10 


-21 


-4.702x10+°! 


4.74x10- 


-01 


5.17x10+°° 


0.014 


1.01x10" 


20 


1.51x10 


-20 


2.38x10 


-20 


-4.562x10+°! 


4.28x10- 


-01 


6.99x10+°° 


0.015 


3.87x10" 


20 


5.49x10 


-20 


8.19x10 


-20 


-4.432x10+°! 


3.81x10- 


-01 


7.68x10+°° 


0.016 


1.34x10" 


19 


1.83x10 


-19 


2.62x10 


-19 


-4.312x10+°! 


3.39x10- 


-01 


8.60x10+°° 


0.018 


1.27x10" 


18 


1.67x10 


-18 


2.24x10 


-18 


-4.092x10+°! 


2.86x10- 


-01 


3.69x10+°° 


0.020 


9.38x10" 


18 


1.20x10 


-17 


1.56x10 


-17 


-3.896x10+°! 


2.54x10- 


-01 


2.34x10+°° 


0.025 


5.71x10" 


16 


7.15x10 


-16 


9.16x10 


-16 


-3.486x10+°! 


2.42x10- 


-01 


5.14x10+°° 


0.030 


1.42x10" 


14 


1.79x10 


-14 


2.29x10 


-14 


-3.165x10+°! 


2.40x10- 


-01 


1.98x10+°° 


0.040 


1.77x10" 


12 


2.21x10 


-12 


2.95x10 


-12 


-2.677x10+°! 


3.90x10- 


-01 


2.13xl0+°2 


0.050 


1.08x10" 


10 


1.35x10 


-10 


1.78x10 


-10 


-2.263x10+°! 


4.85x10- 


-01 


3.90xl0+°2 


0.060 


9.32x10" 


09 


1.23x10 


-08 


1.67x10 


-08 


-1.818x10+°! 


3.46x10- 


-01 


4.55x10+°! 


0.070 


3.46x10" 


07 


4.60x10 


-07 


6.22x10 


-07 


-1.459x10+°! 


2.95x10- 


-01 


6.30x10"°! 


0.080 


5.34x10" 


06 


7.11x10 


-06 


9.54x10 


-06 


-1.185x10+°! 


2.89x10- 


-01 


2.20x10"°! 


0.090 


4.44x10" 


05 


5.91x10 


-05 


7.90x10 


-05 


-9.735x10+°° 


2.90x10- 


-01 


2.15x10"°! 


0.100 


2.38x10" 


04 


3.17x10 


-04 


4.24x10 


-04 


-8.054x10+°° 


2.90x10- 


-01 


2.36x10"°! 


0.110 


9.32x10" 


04 


1.24x10 


-03 


1.66x10 


-03 


-6.691x10+°° 


2.90x10- 


-01 


2.52x10"°! 


0.120 


2.87x10" 


03 


3.82x10 


-03 


5.10x10 


-03 


-5.566x10+°° 


2.91x10- 


-01 


2.62x10"°! 


0.130 


7.36x10" 


03 


9.80x10 


-03 


1.31x10 


-02 


-4.623x10+°° 


2.91x10- 


-01 


2.72x10"°! 


0.140 


1.64x10" 


02 


2.18x10 


-02 


2.91x10 


-02 


-3.824x10+°° 


2.91x10- 


-01 


2.77x10"°! 


0.150 


3.26x10" 


02 


4.33x10- 


-02 


5.79x10 


-02 


-3.138x10+°° 


2.91x10- 


-01 


2.81x10"°! 


0.160 


5.90x10" 


02 


7.85x10 


-02 


1.05x10 


-01 


-2.543x10+°° 


2.91x10- 


-01 


2.83x10"°! 


0.180 


1.56x10" 


01 


2.08x10 


-01 


2.78x10- 


-01 


-1.568x10+°° 


2.91x10- 


-01 


2.84x10"°! 


0.200 


3.36x10" 


01 


4.46x10 


-01 


5.96x10- 


-01 


-8.048x10"°! 


2.91x10- 


-01 


2.85x10"°! 


0.250 


1.26x10+°° 


1.68x10+°° 


2.25x10+°° 


5.206x10"°! 


2.90x10 


-01 


2.84x10-°! 


0.300 


2.92x10+°° 


3.87x10+°° 


5.17x10+°° 


1.356x10+°° 


2.89x10- 


-01 


2.76x10"°! 
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Table B.IO - continued 



T (GK) Low rate Median rate High rate lognormal ji lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



5.14x10+°" 
7.68x10+°" 
1.03x10+°! 
1.31x10+°! 
1.87x10+°! 
2.54x10+°! 
3.52x10+°! 
5.02x10+°! 
7.33x10+°! 
1.81xl0+°2 
3.76xl0+°2 
6.53xl0+°2 
9.88x10+°^ 
1.75x10+°^ 
2.49x10+°^ 
3.17x10+°^ 
3.74x10+°^ 
4.65xl0+°3 
(6.16x10+03) 
(8.59x10+03) 
(1.12x10+0^) 
(1.38x10+0^) 
(1.65x10+0^) 



6.80x10+°" 
1.02x10+°! 
1.37x10+"! 
1.72x10+"! 
2.42x10+°! 
3.20x10+"! 
4.28x10+"! 
6.00x10+"! 
8.59x10+"! 
2.10xl0+"2 
4.34xl0+°2 
7.52x10+02 
1.14x10+03 
2.00x10+03 
2.84x10+03 
3.58x10+03 
4.21x10+03 
5.20x10+03 
(6.91x10+03) 
(9.64x10+03) 
(1.25x10+04) 
(1.55x10+04) 
(1.85x10+04) 



9.07x10+"° 
1.35x10+"! 
1.81x10+"! 
2.27x10+"! 
3.15x10+"! 
4.08x10+"! 
5.33x10+"! 
7.25x10+"! 
1.02xl0+"2 
2.50x10+02 
5.14x10+02 
8.81x10+02 

1.33x10+03 
2.30x10+03 
3.25x10+03 
4.07x10+03 
4.76x10+03 
5.85x10+03 
(7.76xl0+"3) 
(1.08x10+04) 
(1.41x10+04) 
(1.74x10+04) 
(2.07x10+04) 



1.920x10+"" 
2.321x10+"" 
2.617x10+"" 
2.846x10+"" 
3.188x10+"" 
3.471x10+"" 
3.766x10+"" 
4.101x10+"" 
4.465x10+"" 
5.362x10+"° 
6.087x10+0° 
6.632x10+00 
7.044x10+00 
7.604x10+00 
7.953x10+00 
8.186x10+00 
8.348x10+00 
8.559x10+00 
(8.841x10+00) 
(9.174x10+00) 
(9.436x10+00) 
(9.648x10+00) 
(9.823x10+00) 



2.88x10-"! 2, 

2.86x10""! 2. 

2.82x10-"! 2, 

2.78x10""! 2, 

2.63x10""! 3. 

2.38x10""! 6. 

2.10x10""! 1. 

1.85x10""! 2, 

1.73x10""! 8. 

1.70x10-01 1. 

1.66x10-01 1. 

1.60x10-01 8. 

1.55x10-01 4. 

1.43x10-01 2. 

1.37x10-01 1. 

1.29x10-01 1. 

1.23x10-01 7. 

1.17x10-01 3. 
(1.15x10-01) 
(1.15x10-01) 
(1.15x10-01) 
(1.15x10-01) 
(1.15x10-01) 



63x10"°! 
48x10"°! 
33x10"°! 
11x10"°! 
49x10"°! 
04x10"°! 
45x10+00 
13x10+00 
19x10+00 
51x10+01 
26x10+01 
37x10+00 
47x10+00 
66x10+00 
79x10+00 
01x10+00 
40x10-01 
63x10-01 



Comments: Resonance energies are calculated from excitation energies [233] and the 
Q-value [11], except when a more precise value of the resonance energy was measured 
directly. Resonance strengths have boon mcasiu-cd directly for 19 resonances at energies of 
gem = 89 _ 1892 keV by Wiescher et al. [252] and Vogelaar et al. [248]. At variance with 
Angulo et al. [7], we use published and derived values of partial widths [260,212,154] 
in order to integrate broad resonance contributions numerically. Additional data were 
provided by i^N+a studies and by other experiments [224,192]. For E^*" = 19 keV, 
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the proton partial width is deduced from indirect measurements; the ('^HCjd) transfer 
experiment by Champagne and Pitt [39] finds a value of Tp = 2.0x10"^^ eV, while a 
recent study using the Trojan Horse Method [150] obtains Tp = (3.1±1.1) x 10~^^ eV. 
For the radiative and total width we adopt the values quoted in Wiescher et al. [252] as 
a private communication from K. Allen {T^ = 2.3 eV, T = 2.5 keV); a 40% uncertainty 
is assumed for these values. For EJ;'" = 89 keV, the proton partial width is calculated 
from the measured {'p,a) resonance strength [154] and the derived value agrees with the 
result of the recent Trojan Horse study [150]. The radiative width, = 0.6 eV, is again 
adopted from Ref. [252] (private communication from K. Allen), while an upper limit of 
r < 3 keV is given in Ref. [233]. For E^™ = 143 keV, the resonance energy [25], strength 
[252,24,248], total width [25] and proton partial width (deduced from uj^pa [25]) have 
all been measured precisely. The direct capture S-factor is adopted from Wiescher et al. 
[252]. Above T = 5 GK the rate is extrapolated using Hauser-Feshbach results. 
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Table B.ll: Total thermonuclear reaction rates for ^^0(p,a)^^N. 



T (GK) Low rate Median rate High rate lognormal /x lognormal a A-D 



0.010 
0.011 
0.012 
0.013 
0.014 
0.015 
0.016 
0.018 
0.020 
0.025 
0.030 
0.040 
0.050 
0.060 
0.070 
0.080 
0.090 
0.100 
0.110 
0.120 
0.130 
0.140 
0.150 
0.160 
0.180 
0.200 
0.250 
0.300 



1.49x10-20 
1.14x10-19 
6.64x10-19 
3.11x10-1^ 
1.21x10-1^ 
4.21x10-1^ 
1.33x10-1'^ 
1.03x10-15 
6.70x10-15 
3.24x10-13 
6.99x10-12 
7.54x10-1° 
3.35x10-0^ 
2.21x10-0'' 
7.71x10-05 
1.16x10-03 
9.57x10-03 
5.12x10-02 
1.99x10-01 
6.13x10-01 
1.57x10+00 
3.50x10+00 
6.95x10+00 
1.26x10+01 
3.35x10+01 
7.21x10+01 
2.74x10+02 
6.43x10+02 



1.93x10-20 
1.52x10-19 
9.00x10-19 
4.35x10-1^ 
1.80x10-1^ 
6.60x10-1^ 
2.24x10-1*^ 
2.01x10-15 
1.52x10-1* 
9.17x10-13 
2.34x10-11 
2.58x10-09 
9.04x10-08 
2.93x10-06 
8.54x10-05 
1.25x10-03 
1.03x10-02 
5.49x10-02 
2.14x10-01 
6.58x10-01 
1.69x10+00 
3.76x10+00 
7.47x10+00 
1.35x10+01 
3.59x10+01 
7.72x10+01 
2.95x10+02 
6.96x10+02 



2.49x10-20 
1.99x10-19 
1.19x10-18 
5.94x10-18 
2.50x10-1^ 
9.72x10-1^ 
3.42x10-1*^ 
3.39x10-15 
2.61x10-" 
1.71x10-12 
4.45x10-11 
5.05x10-09 
1.63x10-07 
3.92x10-06 
9.45x10-05 
1.35x10-03 
1.10x10-02 
5.90x10-02 
2.30x10-01 
7.07x10-01 
1.81x10+00 
4.04x10+00 
8.02x10+00 
1.45x10+01 
3.86x10+01 
8.30x10+01 
3.17x10+02 
7.53x10+02 



-4.540x10+01 
-4.334x10+01 
-4.156x10+01 
-3.999x10+01 
-3.858x10+01 
-3.728x10+01 
-3.607x10+01 
-3.389x10+01 
-3.192x10+01 
-2.787x10+01 
-2.469x10+01 
-1.997x10+01 
-1.636x10+01 
-1.273x10+01 
-9.367x10+00 
-6.682x10+00 
-4.578x10+00 
-2.902x10+00 
-1.541x10+00 
-4.176x10-01 
5.248x10-01 
1.325x10+00 
2.011x10+00 
2.605x10+00 
3.582x10+00 
4.348x10+00 
5.685x10+00 
6.545x10+00 



2.57x10-01 
2.78x10-01 
3.00x10-01 
3.22x10-01 
3.59x10-01 
4.05x10-01 
4.55x10-01 
5.52x10-01 
6.36x10-01 
7.71x10-01 
8.40x10-01 
8.64x10-01 
7.05x10-01 
2.65x10-01 
1.00x10-01 
7.66x10-02 
7.32x10-02 
7.25x10-02 
7.27x10-02 
7.27x10-02 
7.24x10-02 
7.25x10-02 
7.26x10-02 
7.24x10-02 
7.26x10-02 
7.26x10-02 
7.32x10-02 
7.96x10-02 



3.13x10-01 
1.34x10+00 
2.63x10+00 
4.75x10+00 
8.34x10+00 
9.10x10+00 
1.29x10+01 
2.84x10+01 
4.55x10+01 
6.73x10+01 
8.62x10+01 
8.18x10+01 
7.57x10+01 
4.55x10+01 
1.28x10+00 
2.74x10-01 
2.54x10-01 
3.28x10-01 
3.45x10-01 
3.07x10-01 
2.60x10-01 
2.85x10-01 
2.46x10-01 
3.19x10-01 
3.17x10-01 
3.99x10-01 
2.61x10-01 
3.09x10-01 
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Table B.ll - continued 



T (GK) Low rate Median rate High rate lognormal ji lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



1.16x10+"''' 
1.83x10+°^ 
2.69x10+"^ 
4.02x10+°^ 
1.11x10+04 
3.49x10+"'' 
9.42x10+°^ 
2.20x10+"-^ 
4.30x10+"^ 
1.50x10+°^ 
3.33x10+°*^ 
5.80x10+°^ 
8.54x10+0^ 
1.43x10+°^ 
1.97x10+°^ 
2.39x10+°^ 
2.70x10+°^ 
3.27x10+°^ 
3.72x10+0^ 
4.20x10+°^ 
4.80x10+°^ 
5.50x10+°^ 
6.26x10+°^ 



1.29xl0+"-' 
2.10x10+"-^ 
3.36x10+"''' 
5.55xl0+"3 
1.69x10+""^ 
5.33xl0+"4 
1.42x10+"^ 
3.17xl0+"-"^ 
6.17x10+"^ 
2.07x10+"^ 
4.64x10+°^ 
8.11x10+°^ 
1.21x10+°^ 
2.04x10+°^ 
2.71x10+°^ 
3.32x10+°^ 
3.87x10+0^ 
4.51x10+°^ 
5.24x10+°^ 
5.41x10+°^ 
6.17x10+°^ 
6.66x10+°^ 
7.68x10+°^ 



1.43xl0+"3 
2.45x10+°^ 
4.21x10+"-'' 
7.44x10+"-^ 
2.35x10+"'' 
7.03x10+"" 
1.77xl0+"''^ 
3.87xl0+"''^ 
7.43x10+"'^ 
2.45x10+"'' 
5.53x10+"'' 
9.78x10+"^ 
1.49x10+"^ 
2.57x10+"^ 
3.63x10+"^ 
4.50x10+"^ 
5.23x10+"^ 
6.31x10+"^ 
7.11x10+"^ 
7.74x10+"^ 
8.41x10+"^ 
9.10x10+"^ 
9.84x10+"^ 



7.162x10+"" 
7.656x10+"" 
8.123x10+"" 
8.611x10+"" 
9.703x10+"" 
1.083x10+"^ 
1.179x10+"! 
1.261x10+"! 
1.327x10+"! 
1.448x10+°! 
1.529x10+"! 
1.585x10+°! 
1.626x10+°! 
1.679x10+°! 
1.710x10+°! 
1.731x10+°! 
1.745x10+°! 
1.763x10+°! 
1.776x10+°! 
1.785x10+°! 
1.796x10+°! 
1.807x10+°! 
1.817x10+°! 



1.01x10""! 
1.41x10""! 
2.08x10-"! 
2.77x10-"! 
3.48x10-"! 
3.30x10-"! 
3.04x10-"! 
2.71x10-"! 
2.66x10-"! 
2.44x10""! 
2.48x10""! 
2.52x10"°! 
2.65x10""! 
2.74x10"°! 
2.85x10"°! 
2.90x10"°! 
3.03x10"°! 
3.00x10"°! 
2.95x10"°! 
2.75x10"°! 
2.53x10"°! 
2.27x10"°! 
2.04x10"°! 



1.24x10+"° 
1.21x10+°! 
2.42x10+"! 
3.39x10+°! 
3.71x10+°! 
4.49x10+"! 
6.05x10+°! 
6.39x10+°! 
7.66x10+°! 
7.56x10+°! 
7.58x10+°! 
6.26x10+°! 
5.62x10+°! 
5.02x10+°! 
4.24x10+°! 
5.14x10+°! 
6.57x10+°! 
8.61x10+°! 
1.08x10+°^ 
1.27x10+°^ 
1.43x10+°^ 
1.54x10+°^ 
1.46x10+°^ 



Comments: Up to a resonance energy of Ef^ = 2 MeV, the energies and partial widths 
are adopted from the same sources [260,212,154,252,39,25,150] as for the !SO(p,7)!9F 
reaction (see comments of Tab. B.IO). At higher energies, partial widths have been mea- 
sured up to E^-^ = 13 MeV [212,186,5,176]. A broad resonance near £;^" « 660 keV, 
which has not been detected in the (p,7) channel, was observed by Yagi [260], Mak et al. 
[165] and Lorentz-Wirzba et al. [154]. These measurements are in agreement regarding 
the proton width [260,154], but not for the a-particle width (r„ = 317 keV [154], 150 
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■0(p. a)''N 




0.01 0.10 1.00 10.00 

Temperature (GK) 



keV [165] or 90 kcV [260]). Thus we adopt a value of r„ ^ 200 ± 110 kcV. The effects of 
the interference between this resonance and the broad 1/2+ resonance at = 798 keV 
are included in our results. We do not introduce any nonresonant rate contribution as in 
Lorentz-Wirzba et al. [154] or Mak ct al. [165]. Presumably this contribution originates 
from the tails of higher- lying broad resonances that are already taken into account since 
we numerically integrate the partial rates of all 70 resonances. 
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Table B.12: Total thermonuclear reaction rates for ^^0(a,7)^^Ne. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal /i 


lognormal a 


A-D 


0.010 


5.80x10" 


-63 


2.42x10" 


-62 


5.99x10" 


-62 


-1.421 xl0"^°2 


1.40x10+°° 


1.06x10+°^ 


0.011 


2.59x10" 


-60 


8.08x10" 


-60 


1.88x10" 


-59 


-1.363x10"^°^ 


1.27x10+°° 


1.07xl0+°2 


0.012 


3.26x10" 


-58 


1.17x10" 


-57 


2.77x10" 


-57 


-1.314x10"^°^ 


1.46x10+°° 


1.65x10+°^ 


0.013 


1.54x10" 


-56 


8.43x10" 


-56 


2.16x10" 


-55 


-1.272x10"^°^ 


1.77x10+°° 


1.91x10+°^ 


0.014 


3.56x10" 


-55 


3.29x10" 


-54 


1.00x10" 


-53 


-1.237x10"^°^ 


2.08x10+°° 


1.76x10+°^ 


0.015 


5.24x10" 


-54 


7.53x10" 


-53 


3.03x10" 


-52 


-1.206x10"^°^ 


2.37x10+°° 


1.46xl0+°2 


0.016 


5.44x10" 


-53 


1.12x10" 


-51 


6.05x10" 


-51 


-1.180x10"^°^ 


2.61x10+°° 


1.17xl0+°2 


0.018 


2.68x10" 


-51 


9.39x10" 


-50 


8.97x10" 


-49 


-1.135x10"^°^ 


2.94x10+°° 


7.18x10+°! 


0.020 


6.15x10" 


-50 


3.22x10" 


-48 


4.71x10" 


-47 


-1.098x10"^°^ 


3.07x10+°° 


4.35x10+°! 


0.025 


2.66x10" 


-46 


2.66x10" 


-45 


5.71x10" 


-44 


-1.023xl0"^°2 


2.46x10+°° 


6.74x10+°! 


0.030 


2.90x10" 


-42 


2.89x10" 


-41 


1.98x10" 


-40 


-9.345x10"^°^ 


1.99x10+°° 


8.28x10+°° 


0.040 


1.94x10" 


-35 


2.72x10" 


-34 


1.42x10" 


-33 


-7.773 xlO"^°i 


2.28x10+°° 


8.10x10+°! 


0.050 


3.97x10" 


-31 


4.99x10" 


-30 


2.11x10" 


-29 


-6.799 xlO"^°i 


2.22x10+°° 


1.18xl0+°2 


0.060 


2.66x10" 


-28 


3.15x10" 


-27 


1.29x10" 


-26 


-6.154x10"^°^ 


2.20x10+°° 


1.23xl0+°2 


0.070 


2.61x10" 


-26 


2.98x10" 


-25 


1.29x10" 


-24 


-5.696x10"^°^ 


2.18x10+°° 


1.11x10+°^ 


0.080 


8.49x10" 


-25 


8.84x10" 


-24 


3.98x10" 


-23 


-5.343x10"^°^ 


1.93x10+°° 


6.32x10+°! 


0.090 


3.81x10" 


-23 


1.69x10" 


-22 


6.26x10" 


-22 


-5.022 xlO"^°i 


1.35x10+°° 


8.26x10+°° 


0.100 


2.08x10" 


-21 


5.25x10" 


-21 


1.30x10" 


-20 


-4.671x10"^°^ 


9.25x10"°! 


1.41x10+°° 


0.110 


8.09x10" 


-20 


1.91x10" 


-19 


4.80x10" 


-19 


-4.308 xlO"^°i 


9.00x10"°! 


8.58x10"°! 


0.120 


2.17x10" 


-18 


5.14x10" 


-18 


1.27x10" 


-17 


-3.979 xlO"^°i 


8.86x10"°! 


3.19x10"°! 


0.130 


3.85x10" 


-17 


8.74x10" 


-17 


2.04x10" 


-16 


-3.696 xlO"^°i 


8.45x10"°! 


2.98x10"°! 


0.140 


4.58x10" 


-16 


9.94x10" 


-16 


2.23x10" 


-15 


-3.453x10+°^ 


8.01x10"°! 


3.17x10"°! 


0.150 


3.88x10" 


-15 


8.17x10" 


-15 


1.76x10" 


-14 


-3.243 xl0+°i 


7.60x10"°! 


3.64x10"°! 


0.160 


2.53x10" 


-14 


5.15x10" 


-14 


1.07x10" 


-13 


-3.059x10+°! 


7.21x10-°! 


4.85x10""! 


0.180 


5.95x10" 


-13 


1.11x10" 


-12 


2.14x10" 


-12 


-2.751x10+°! 


6.42x10-°! 


1.48x10+°° 


0.200 


7.88x10" 


-12 


1.35x10" 


-11 


2.41x10" 


-11 


-2.500x10+°! 


5.56x10"°! 


5.03x10+°° 


0.250 


1.18x10" 


-09 


1.57x10" 


-09 


2.24x10" 


-09 


-2.023x10+°! 


3.28x10"°! 


3.37x10+°! 


0.300 


4.70x10" 


-08 


5.35x10" 


-08 


6.41x10" 


-08 


-1.672x10+°! 


1.68x10"°! 


5.55x10+°! 
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Table B.12 - continued 



T (GK) Low rate Median rate Higlr rate lognormal /i lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



7.42x10-"^ 
6.12x10""^ 
3.21x10-"'"^ 
1.21x10-"'' 
8.81x10-°"* 
3.58x10""^ 
1.01xlO-°2 
2.24xl0-°2 
4.21xlO-°2 
1.34x10"°! 
3.17x10"°! 
6.70x10"°! 
(1.32x10+°° 
(6.80x10+°° 
(2.45x10+°! 
(6.84x10+°! 
(1.58xl0+°2 
(5.64xl0+°2 
(1.40x10+°^ 
(2.74x10+°^ 
(4.55x10+°^ 
(6.71x10+°^ 
(9.90x10+°^ 



8.01x10"°^ 
6.51x10"°° 
3.38x10-°-^ 
1.27x10-°'' 
9.24x10"°'' 
3.76x10"°^ 
1.06xl0"°2 
2.35xl0"°2 
4.42xl0"°2 
1.40x10"°! 
3.33x10"°! 
7.13x10"°! 
(1.48x10+°°) 
(7.62x10+°°) 
(2.75x10+°!) 
(7.68x10+°!) 
(1.77xl0+°2) 
(6.32xl0+°2) 
(1.57xl0+°3) 
(3.07xl0+°3) 
(5.10x10+°^) 
(7.53xl0+°3) 
(1.11x10+°^) 



8.81x10""^ 
6.93x10"°° 
3.57x10-°-^ 
1.34x10-°" 
9.72x10-°" 
3.95xl0-°3 
l.llxl0-°2 
2.47xl0-°2 
4.64xl0-°2 
1.47x10"°! 
3.49x10"°! 
7.66x10"°! 
(1.66x10+°°) 
(8.55x10+°°) 
(3.08x10+°!) 
(8.61x10+°!) 
(1.99xl0+°2) 
(7.09xl0+°2) 
(1.76xl0+°3) 
(3.45xl0+°3) 
(5.72xl0+°3) 
(8.44xl0+°3) 
(1.25x10+°") 



-1.403x10+°! 
-1.194x10+°! 
-1.029x10+°! 
-8.968x10+°" 
-6.986x10+°" 
-5.584x10+°" 
-4.547x10+°" 
-3.751x10+°" 
-3.119x10+°" 
-1.963x10+°° 
-1.101x10+°° 
-3.331x10"°! 
(3.893x10"°! 
(2.031x10+°° 
(3.314x10+°° 
(4.341x10+°° 
(5.177x10+°° 
(6.449x10+°° 
(7.360x10+°° 
(8.031x10+°° 
(8.537x10+°° 
(8.926x10+°° 
(9.315x10+°° 



9.31xl0-°2 2, 
6.50xl0-°2 5, 
5.51xl0-°2 1, 
5.15xl0-°2 4, 
4.96xl0-°2 2, 
4.95xl0-°2 1, 
4.97xl0"°2 2, 
4.98xl0-°2 2, 
4.96xl0-°2 2, 
4.74xl0"°2 3, 
4.75xl0"°2 2, 
6.86x10"°^ 1, 
1.15x10"°!) 
1.15x10"°!) 
1.15x10"°!) 
1.15x10"°!) 
1.15x10"°!) 
1.15x10"°!) 
1.15x10"°!) 
1.15x10"°!) 
1.15x10"°!) 
1.15x10"°!) 
1.15x10"°!) 



85x10+°! 
50x10+°° 
06x10+°° 
58x10"°! 
97x10"°! 
98x10"°! 
40x10"°! 
48x10"°! 
37x10"°! 
12x10"°! 
83x10"°! 
01x10+°! 



Comments: A total of 21 resonances axe taken into account for calculating the reaction 
rate. For resonances in the range of E^"* = 398 — 628 keV, resonance energies are adopted 
from either Endt [79] or Vogelaar ct al. [248] , while resonance strengths are adopted from 
Ref. [248] and Dababneh et al. [60]. Note that for the very weakly observed E^" = 398 
keV resonance we adopt a strength uncertainty (50%) that is larger than the originally 
published value [60]. For the E^"* = 542 kcV resonance, the ct-particle partial width is 
calculated from the measured resonance strength, while the 7-ray partial width is equal 
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to the total width (sec Berg and Wiehard [28]). For resonances in the E^" = 947 - 1800 
keV region, the energies and strengths are adopted from Trautvetter et al. 1978 [238]. 
For the E^™ = 1255 keV resonance, the total width is known (F « r„ = 25 keV), but 
not enough information is available to derive values for Fq and F.^. Thus wc do not 
take the tail of this broad resonance into account. For the two low-energy resonances at 
E^™ = 57 and 174 keV, we use the results of the i«0(^Li,d)22Ne work of Giesen et al. 
[101]. For E^™ = 57 keV we find a 2+ assignment more convincing than the originally 
proposed 3~ assignment (see the angular distribution shown in Fig. 6 of Ref. [101]); we 
adopt a factor of 2 for the uncertainty of the measured a-particle spectroscopic factor. 
The level corresponding to EJ;'" — 17A is only weakly populated in Ref. [101] and, in 
our opinion, even a = transfer cannot be excluded (as can be seen by comparing 
the angular distributions for nearby levels). Thus we treat the a-particle partial width 
of this resonance as an upper limit, where an s-wavc spectroscopic factor of Sa < 0.086 
can be estimated from the data of Ref. [101]). Note that our assumptions differ from 
those in the original work of Ref. [101], where a 2+ assignment was adopted (in fact, our 
procedure is more consistent with Gicscn's thesis [102]). The direct capture S-factor is 
adopted from Trautvetter et al. [238] . It is interesting to note that vastly different results 
are obtained by Buchmann, D'Auria and McCorquodale [32] and Descouvemont [62]. For 
example, at T = 0.1 GK, the calculated direct capture rate in Rcfs. [62,32,238] amounts 
to NA{av)jjc = 2.7 x lO-^^, 1.5 x lO'^^, 1.3 x lO'^^ cm3mol-is-\ respectively. The 
direct capture component and the low-energy tail of the broad E^™ = 1255 keV resonance 
arc only expected to infiucncc the total rate at very low temperatures of T = 0.018 — 0.03 
GK. For resonances above EJi™ = 2 MeV, see the comment section in Paper III. 
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Table B.13: Total thermonuclear reaction rates for ^''F(p,7)^^Ne. 



T (GK) Low rate Median rate High rate lognormal /x lognormal a A-D 



0.010 


2.02x10 


-28 


2.97x10" 


-28 


4.29x10- 


-28 


-6.339x10+°^ 


3.77x10- 


-01 


3.91x10- 


-01 


0.011 


2.60x10 


-27 


3.85x10- 


-27 


5.63x10- 


-27 


-6.082 xl0+°i 


3.83x10- 


-01 


3.85x10- 


-01 


0.012 


2.57x10 


-26 


3.69x10- 


-26 


5.36x10- 


-26 


-5.856x10+°! 


3.72x10- 


-01 


3.51x10- 


-01 


0.013 


1.92x10 


-25 


2.81x10- 


-25 


4.10x10- 


-25 


-5.653x10+°! 


3.84x10- 


-01 


2.23x10- 


-01 


0.014 


1.19x10 


-24 


1.75x10- 


-24 


2.53x10- 


-24 


-5.471x10+°! 


3.73x10- 


-01 


3.97x10- 


-01 


0.015 


6.32x10 


-24 


9.15x10- 


-24 


1.35x10- 


-23 


-5.304x10+°! 


3.81x10- 


-01 


4.01x10- 


-01 


0.016 


2.89x10 


-23 


4.17x10- 


-23 


6.13x10- 


-23 


-5.152x10+°! 


3.82x10- 


-01 


3.35x10- 


-01 


0.018 


4.19x10 


-22 


6.07x10- 


-22 


8.87x10- 


-22 


-4.885x10+°! 


3.79x10- 


-01 


3.65x10- 


-01 


0.020 


4.22x10 


-21 


6.12x10- 


-21 


8.93x10- 


-21 


-4.654x10+°! 


3.79x10- 


-01 


6.23x10- 


-01 


0.025 


4.35x10 


-19 


6.26x10- 


-19 


9.12x10- 


-19 


-4.191x10+°! 


3.70x10- 


-01 


2.14x10- 


-01 


0.030 


1.47x10 


-17 


2.15x10- 


-17 


3.12x10- 


-17 


-3.838x10+°! 


3.77x10- 


-01 


1.77x10- 


-01 


0.040 


2.46x10 


-15 


3.58x10- 


-15 


5.28x10- 


-15 


-3.326x10+°! 


3.81x10- 


-01 


4.76x10- 


-01 


0.050 


9.43x10 


-14 


1.36x10- 


-13 


2.00x10- 


-13 


-2.962x10+°! 


3.81x10- 


-01 


3.27x10- 


-01 


0.060 


1.51x10 


-12 


2.18x10- 


-12 


3.19x10- 


-12 


-2.685x10+°! 


3.79x10- 


-01 


4.54x10- 


-01 


0.070 


1.38x10 


-11 


2.00x10- 


-11 


2.88x10- 


-11 


-2.463x10+°! 


3.75x10- 


-01 


5.18x10- 


-01 


0.080 


8.51x10 


-11 


1.24x10- 


-10 


1.81x10- 


-10 


-2.281x10+°! 


3.79x10- 


-01 


2.85x10- 


-01 


0.090 


3.92x10 


-10 


5.73x10- 


-10 


8.35x10- 


-10 


-2.128x10+°! 


3.85x10- 


-01 


5.02x10- 


-01 


0.100 


1.51x10 


-09 


2.17x10- 


-09 


3.16x10- 


-09 


-1.994x10+°! 


3.70x10- 


-01 


5.65x10- 


-01 


0.110 


4.79x10 


-09 


6.90x10- 


-09 


1.01x10- 


-08 


-1.879x10+°! 


3.82x10- 


-01 


8.00x10- 


-01 


0.120 


1.32x10 


-08 


1.91x10- 


-08 


2.75x10- 


-08 


-1.777x10+°! 


3.71x10- 


-01 


3.75x10- 


-01 


0.130 


3.27x10 


-08 


4.77x10- 


-08 


6.97x10- 


-08 


-1.686x10+°! 


3.76x10- 


-01 


3.25x10- 


-01 


0.140 


7.33x10 


-08 


1.07x10- 


-07 


1.57x10- 


-07 


-1.605x10+°! 


3.78x10- 


-01 


4.00x10- 


-01 


0.150 


1.57x10 


-07 


2.28x10- 


-07 


3.35x10- 


-07 


-1.529x10+°! 


3.77x10- 


-01 


3.79x10- 


-01 


0.160 


3.10x10 


-07 


4.54x10- 


-07 


6.48x10- 


-07 


-1.461x10+°! 


3.71x10- 


-01 


4.50x10- 


-01 


0.180 


1.04x10 


-06 


1.50x10- 


-06 


2.18x10- 


-06 


-1.340x10+°! 


3.75x10- 


-01 


6.50x10- 


-01 


0.200 


2.94x10 


-06 


4.27x10- 


-06 


6.09x10- 


-06 


-1.237x10+°! 


3.74x10- 


-01 


4.43x10- 


-01 


0.250 


2.39x10 


-05 


3.39x10- 


-05 


4.89x10- 


-05 


-1.029x10+°! 


3.61x10- 


-01 


2.66x10- 


-01 


0.300 


1.17x10 


-04 


1.67x10- 


-04 


2.42x10- 


-04 


-8.693x10+°° 


3.65x10- 


-01 


8.64x10- 


-01 
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Table B.13 - continued 



T (GK) Low rate Median rate High rate lognormal ji lognorinal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



4.45x10-°^^ 
1.47x10"°^ 
4.50x10-"-'* 
1.23xl0-"2 
6.46xl0-"2 

2.29x10""^ 
6.04x10-"! 
1.29x10+"" 
2.35x10+"" 
6.97x10+"" 
1.43x10+"! 
2.39x10+°! 
3.61x10+°! 
6.57x10+°! 
1.02x10+°^ 
1.45x10+°^ 
1.90x10+°^ 
2.86x10+°^ 
3.74xl0+°2 
4.53x10+°^ 
5.01x10+°^ 
5.21xl0+°2 
5.21x10+°^ 



6.29x10-""* 
1.99x10-"-^ 
5.98x10-"'' 
1.61xl0-"2 
8.53xl0-"2 
3.05x10-"! 
8.09x10-"! 
1.74x10+"" 
3.18x10+"" 
9.36x10+°° 
1.90x10+°! 
3.18x10+°! 
4.70x10+°! 
8.43x10+°! 
1.30x10+°^ 
1.83x10+°^ 
2.43x10+°^ 
3.70x10+°^ 
4.93x10+°^ 
6.03x10+°^ 
6.67xl0+°2 
7.00x10+°^ 
6.94x10+°^ 



8.80x10-°^^ 
2.74x10"°^ 
8.02x10-"'* 
2.13xl0-"2 
1.14x10-"! 
4.14x10-"! 
1.11x10+"" 
2.39x10+"" 
4.37x10+"" 
1.28x10+°! 
2.58x10+°! 
4.22x10+°! 
6.18x10+°! 
1.09xl0+°2 
1.69xl0+°2 
2.37xl0+°2 
3.14xl0+°2 
4.85xl0+°2 
6.67xl0+°2 
8.09xl0+°2 
9.07xl0+°2 
9.69xl0+°2 
9.45xl0+°2 



-7.371x10+"" 
-6.212x10+"" 
-5.115x10+"" 
-4.123x10+"" 
-2.454x10+"" 
-1.175x10+"" 
-1.983x10"°! 
5.641x10-°! 
1.168x10+"° 
2.246x10+"° 
2.954x10+"° 
3.465x10+°° 
3.858x10+°° 
4.442x10+°° 
4.877x10+°° 
5.221x10+°° 
5.499x10+°° 
5.921x10+°° 
6.213x10+°° 
6.408x10+°° 
6.514x10+°° 
6.562x10+°° 
6.553x10+°° 



3.45x10-"! 
3.11x10-"! 
2.88x10-"! 
2.73x10-"! 
2.91x10-"! 
3.05x10-"! 
3.12x10""! 
3.17x10-"! 
3.18x10-"! 
3.12x10""! 
3.03x10""! 
2.90x10"°! 
2.75x10""! 
2.58x10"°! 
2.48x10"°! 
2.50x10"°! 
2.56x10"°! 
2.72x10"°! 
2.88x10"°! 
2.93x10"°! 
3.00x10"°! 
3.04x10"°! 
3.03x10"°! 



3.41x10"°! 
9.85x10"°! 
9.46x10"°! 
1.12x10+°° 
2.15x10+°° 
3.70x10+°° 
4.04x10+°° 
3.69x10+°° 
3.77x10+°° 
3.81x10+°° 
3.67x10+°° 
2.70x10+°° 
3.92x10+°° 
2.15x10+°° 
1.85x10+°° 
2.33x10+°° 
2.53x10+°° 
2.60x10+°° 
2.89x10+°° 
1.94x10+°° 
2.32x10+°° 
3.56x10+°° 
2.81x10+°° 



Comments: In total, 7 resonances in the range of E°'"=596-2226 keV are taken into 
account. Resonance energies are calculated from the ^^Ne excitation energies measured 
by Hahn et al. [112] and Park et al. [187], except for the expected s--wave resonance at 
gem _ggg j^^y £qj. ^i^igj^ resonance energy has been measured in elastic scattering 
studies (Bardayan et al. [13]). Proton partial widths are either adopted from experiment 
(Refs. [112,187,13]) or arc calculated by using the measured spectroscopic factors of 
the !^0 mirror states (Li et al. [152]). Gamma-ray partial widths are adopted either 
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''F(p.Y)''Ne 




0.01 0.10 1.00 10.00 

Temperature (GK) 



from the measured mean lifetimes of the ^*^0 mirror states (TiUey et al. [233]), and 
corrected for the E^^+^ energy dependence, or are calculated from the shell model. For all 
resonances considered, the proton partial width exceeds the 7-ray partial width. For the 
broad resonances at Ef.™=596, 600, 665 and 1182 keV the reaction rate contributions are 
found from a numerical integration. The direct capture into 5 bound states is computed 
by using measured spectroscopic factors of ^^0 mirror states [152]. The resulting total 
direct capture S-factor below E=2.5 MeV is approximately constant and amounts to 
S(E)=2.4xlO"^ MeV b. Below T=0.5 GK the direct capture dominates the total rates. 
Our uncertainties in the total rate are significantly lager than the unrealistic values 
(<17% below T=0.5 GK) reported by Ref. [13]. Our reaction rate is in much better 
agreement with the theoretical calculations reported in Dufour and Descouvemont [75] 
compared to those described in Chatterjee, Okolowicz and Ploszajczak [43] . 
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Table B.14: Total thermonuclear reaction rates for ^^F(p,7)^^Ne. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


4.80x10" 


-26 


2.18x10" 


-25 


2.07x10" 


-24 


-5.653 xl0-^°^ 


1.73x10+00 


4.43x10+01 


0.011 


8.74x10" 


-25 


5.25x10" 


-24 


4.09x10" 


-23 


-5.352x10"^°^ 


1.73x10+00 


3.05x10+01 


0.012 


1.22x10" 


-23 


9.69x10" 


-23 


5.18x10" 


-22 


-5.081x10^-01 


1.69x10+00 


3.07x10+01 


0.013 


1.69x10" 


-22 


1.21x10" 


-21 


4.63x10" 


-21 


-4.840 xl0"^°i 


1.56x10+00 


3.98x10+01 


0.014 


1.69x10" 


-21 


1.01x10" 


-20 


3.18x10" 


-20 


-4.629 xl0"^°i 


1.42x10+00 


4.68x10+01 


0.015 


1.38x10" 


-20 


6.52x10" 


-20 


1.85x10" 


-19 


-4.440 xl0-^°i 


1.33x10+00 


5.62x10+01 


0.016 


9.29x10" 


-20 


3.42x10" 


-19 


8.23x10" 


-19 


-4.270 xl0"^°i 


1.15x10+00 


4.91x10+01 


0.018 


1.98x10" 


-18 


5.59x10" 


-18 


1.20x10" 


-17 


-3.986 xl0"^°i 


1.01x10+00 


4.77x10+01 


0.020 


2.11x10" 


-17 


5.47x10" 


-17 


1.19x10" 


-16 


-3.756 xl0-^°i 


9.94x10-01 


4.98x10+01 


0.025 


1.06x10" 


-15 


3.92x10" 


-15 


9.37x10" 


-15 


-3.338 xl0-^°i 


1.21x10+00 


8.01x10+01 


0.030 


1.29x10" 


-14 


6.84x10" 


-14 


2.00x10" 


-13 


-3.056 xl0"^°i 


1.38x10+00 


4.66x10+01 


0.040 


4.24x10" 


-13 


2.37x10" 


-12 


1.03x10" 


-11 


-2.685 xl0"^°i 


1.48x10+00 


1.36x10+01 


0.050 


7.15x10" 


-12 


2.57x10" 


-11 


1.16x10" 


-10 


-2.429 xl0"^°i 


1.33x10+00 


1.35x10+01 


0.060 


6.36x10" 


-11 


1.80x10" 


-10 


6.95x10" 


-10 


-2.231x10^-01 


1.18x10+00 


2.13x10+01 


0.070 


3.86x10" 


-10 


8.92x10" 


-10 


2.73x10" 


-09 


-2.073x10-^°! 


1.02x10+00 


2.33x10+01 


0.080 


1.77x10" 


-09 


3.88x10" 


-09 


9.87x10" 


-09 


-1.929x10-^°^ 


9.34x10-01 


1.98x10+01 


0.090 


6.23x10" 


-09 


1.33x10" 


-08 


3.05x10" 


-08 


-1.808xl0-'-°i 


8.81x10-01 


1.89x10+01 


0.100 


1.87x10" 


-08 


3.93x10" 


-08 


8.83x10" 


-08 


-1.701 xl0-^°i 


8.58x10-01 


1.13x10+01 


0.110 


5.01x10" 


-08 


1.08x10" 


-07 


2.40x10" 


-07 


-1.601x10^-01 


8.97x10-01 


2.01x10+01 


0.120 


1.16x10" 


-07 


2.50x10" 


-07 


5.54x10" 


-07 


-1.515x10^-01 


9.08x10-01 


3.21x10+01 


0.130 


2.49x10" 


-07 


5.63x10" 


-07 


1.27x10" 


-06 


-1.435x10^-01 


9.24x10-01 


2.52x10+01 


n 1 /in 


5.17x10" 


-07 


1.15x10" 


-06 


2.54x10" 


-06 


-1.0D4X iU 


n QTx^ 1 r\— 01 


Q Qn ^ 1 n-l-01 
o.oUX i(J^ 


0.150 


1.01x10" 


-06 


2.21x10" 


-06 


4.85x10" 


-06 


-1.297x10+01 


9.24x10-01 


3.38x10+01 


0.160 


1.89x10" 


-06 


4.15x10" 


-06 


9.44x10" 


-06 


-1.233x10+01 


9.30x10-01 


3.53x10+01 


0.180 


6.53x10" 


-06 


1.34x10" 


-05 


2.86x10" 


-05 


-1.114x10+01 


9.02x10-01 


6.60x10+01 


0.200 


2.34x10" 


-05 


4.35x10" 


-05 


9.03x10" 


-05 


-9.943x10+00 


8.44x10-01 


8.13x10+01 


0.250 


3.42x10" 


-04 


5.94x10" 


-04 


1.11x10" 


-03 


-7.355x10+00 


7.23x10-01 


6.65x10+01 


0.300 


2.62x10" 


-03 


4.52x10" 


-03 


8.16x10" 


-03 


-5.348x10+00 


6.58x10-01 


3.56x10+01 
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Table B.14 - continued 



T (GK) Low rate Median rate High rate lognormal fi lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



1.18xl0""2 
3.65xl0-"2 
9.34xl0-"2 
1.96x10-"! 
6.59x10-"! 
(1.46x10+°" 
(2.85x10+"" 
(4.88x10+"" 
(7.62x10+"" 
(1.79x10+"! 
(3.27x10+"! 
(5.17x10+°! 
(7.41x10+"! 
(1.25xl0+°2 
(1.78xl0+°2 
(2.32xl0+°2 
(2.84xl0+°2 
(3.90xl0+°2 
(4.98xl0+°2 
(6.08xl0+°2 
(7.17xl0+°2 
(8.21xl0+°2 
(9.40xl0+°2 



2.00xl0-°2 
6.46xl0-°2 
1.59x10-°! 
3.37x10-°! 
1.14x10+°" 
(2.77x10+"" 
(5.39x10+"" 
(9.22x10+"" 
(1.44x10+"! 
(3.39x10+"! 
(6.18x10+"! 
(9.77x10+°! 
(1.40xl0+"2 
(2.36xl0+°2 
(3.37xl0+°2 
(4.38xl0+°2 
(5.37xl0+°2 
(7.36xl0+°2 
(9.41xl0+°2 

(1.15x10+°^ 
(1.36xl0+"3 
(1.55xl0+"3 
(1.78xl0+"3 



3.57xl0-°2 
1.15x10-°! 
2.84x10-°! 
5.96x10-°! 
2.06x10+"° 
;5. 23x10+"" 
1.02x10+"! 
1.74x10+"! 
2.72x10+"! 
6.40x10+°! 
1.17xl0+"2 
1.85xl0+"2 
;2.65xl0+"2 
;4.45xl0+"2 
;6.36xl0+"2 
;8.27xl0+"2 
1.02xl0+"3 
;i.39xl0+"3 
;i.78xl0+"3 
2.17x10+"^ 
2.56xl0+°3 
;2.93xl0+°3 
3.36xl0+°3 



-3.864x10+"° 
-2.708x10+"° 
-1.808x10+"° 
-1.054x10+"° 
1.633x10-°! 
;i.018xl0+"° 
;i.684xl0+"° 
;2.221xl0+"° 
;2.667xl0+"° 
;3.522xl0+"° 
;4. 123x10+"° 
;4.582xl0+°° 
;4.941xl0+"° 
;5.462x 10+00 
;5.819x 10+00 
;6.082x 10+00 
;6.287x 10+00 
;6.602x 10+00 
;6.846x 10+00 
7.047x10+00 
;7.212x 10+00 
;7.347x 10+00 
'7.482x10+00 



6.38x10-"! 2.77x10+"! 

6.44x10-"! 2.25x10+"! 

5.94x10-"! 9.03x10+"° 

6.21x10-"! 2.04x10+"! 

6.15x10-"! 1.43x10+°! 
(6.37x10-°!) 
(6.37x10-"!) 
(6.37x10-"!) 
(6.37x10-"!) 
(6.37x10-0!) 
(6.37x10-01) 
(6.37x10-01) 
(6.37x10-01) 
(6.37x10-01) 
(6.37x10-01) 
(6.37x10-01) 
(6.37x10-01) 
(6.37x10-01) 
(6.37x10-01) 
(6.37x10-01) 
(6.37x10-01) 
(6.37x10-01) 
(6.37x10-01) 



Comments: The same data as for the i^F(p,a)!^0 reaction are used as input. The 
radiative widths arc deduced from analog levels [180] when known; otherwise, wc calculate 
F-y by using /x = —0.44 and a = 1.2, which are derived from the statistics of 25 radiative 
widths in i^F [233] assuming a lognormal distribution. The direct capture contribution, 
based on measured !*^0+p spectroscopic factors, is adopted from Utku et al. [242], where 
we assume a factor uncertainty of an order of magnitude. 
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Table B.15: Total thermonuclear reaction rates for ^^F(p,a)^^0. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


7.75x10" 


-23 


2.77x10" 


-22 


2.55x10" 


-21 


-4.933x10"^°^ 


1.57x10^-00 


7.45x10^-01 


0.011 


1.29x10" 


-21 


6.79x10" 


-21 


5.03x10" 


-20 


-4.635 xl0-^°^ 


1.59x10^-00 


4.67x10^-01 


0.012 


1.79x10" 


-20 


1.28x10" 


-19 


6.21x10" 


-19 


-4.365 xl0-^°i 


1.55x10^-00 


5.83x10^-01 


0.013 


2.51x10" 


-19 


1.59x10" 


-18 


5.20x10" 


-18 


-4.123x10"^°^ 


1.41x10-^00 


7.38x10-^01 


0.014 


2.63x10" 


-18 


1.47x10" 


-17 


3.48x10" 


-17 


-3.909x10"^°^ 


1.26x10-^00 


1.15x10-^02 


0.015 


2.05x10" 


-17 


9.42x10" 


-17 


1.88x10" 


-16 


-3.723 xl0-^°^ 


1.14x10^-00 


1.40x10^-02 


0.016 


1.50x10" 


-16 


4.99x10" 


-16 


8.82x10" 


-16 


-3.551x10^-01 


9.76x10-01 


1.57x10^-02 


0.018 


3.19x10" 


-15 


7.80x10" 


-15 


1.22x10" 


-14 


-3.269 xl0-^°i 


8.07x10-01 


1.67x10^-02 


0.020 


3.52x10" 


-14 


7.72x10" 


-14 


1.17x10" 


-13 


-3.038 xl0-^°i 


7.77x10-01 


1.85x10^-02 


0.025 


1.70x10" 


-12 


5.73x10" 


-12 


9.43x10" 


-12 


-2.621x10^-01 


1.02x10^-00 


2.24x10^-02 


0.030 


1.97x10" 


-11 


9.81x10" 


-11 


2.30x10" 


-10 


-2.335x10-^°! 


1.24x10-^00 


1.16x10-^02 


0.040 


6.96x10" 


-10 


3.19x10" 


-09 


1.25x10" 


-08 


-1.962 xl0-^°i 


1.31x10-^00 


1.74x10-^01 


0.050 


1.16x10" 


-08 


3.54x10" 


-08 


1.50x10" 


-07 


-1.705 xl0-^°i 


1.20x10^-00 


1.58x10^-01 


0.060 


1.03x10" 


-07 


2.51x10" 


-07 


7.76x10" 


-07 


-1.509x10^-01 


1.00x10^-00 


1.96x10^-01 


0.070 


6.17x10" 


-07 


1.51x10" 


-06 


3.21x10" 


-06 


-1.340x10-^°! 


8.34x10-01 


1.15x10-^01 


0.080 


2.81x10" 


-06 


6.94x10" 


-06 


1.24x10" 


-05 


-1.196x10-^°^ 


7.43x10-01 


1.57x10-^01 


0.090 


1.05x10" 


-05 


2.63x10" 


-05 


4.45x10" 


-05 


-1.068x10^-01 


6.88x10-01 


4.54x10^-01 


0.100 


3.27x10" 


-05 


8.26x10" 


-05 


1.40x10" 


-04 


-9.548x10-^°° 


6.79x10-01 


7.90x10-^01 


0.110 


9.13x10" 


-05 


2.42x10" 


-04 


3.97x10" 


-04 


-8.514x10^-00 


6.78x10-01 


1.08x10^-02 


0.120 


2.26x10" 


-04 


5.92x10" 


-04 


1.01x10" 


-03 


-7.605x10^-00 


6.80x10-01 


1.34x10^-02 


0.130 


5.22x10" 


-04 


1.23x10" 


-03 


2.32x10" 


-03 


-6.782x10^-00 


6.78x10-01 


1.49x10^-02 


0.140 


1.15x10" 


-03 


3.21x10" 


-03 


5.03x10" 


-03 


-5.986x10^-00 


6.74x10-01 


1.82x10+02 


0.150 


2.33x10" 


-03 


6.14x10" 


-03 


1.01x10" 


-02 


-5.296x10-^00 


6.65x10-01 


1.86x10+02 


0.160 


4.50x10" 


-03 


1.09x10" 


-02 


1.92x10" 


-02 


-4.642x10^-00 


6.56x10-01 


2.04x10+02 


0.180 


1.65x10" 


-02 


3.97x10" 


-02 


6.17x10" 


-02 


-3.415x10^-00 


6.06x10-01 


2.11x10+02 


0.200 


5.40x10" 


-02 


1.17x10" 


-01 


1.77x10" 


-01 


-2.298x10^-00 


5.39x10-01 


2.09x10+02 


0.250 


7.49x10" 


-01 


1.21x10"^°° 


1.69x10^-00 


1.374x10-01 


3.71x10-01 


9.65x10+01 


0.300 


5.82x10"^°° 


8.28x10"^°° 


1.07x10"^°! 


2.080x10-^00 


2.85x10-01 


3.11x10+01 
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Table B.15 - continued 



T (GK) Low rate Median rate High rate lognormal ji lognormal a A-D 



2.83x10+°! 
1.07xl0+°2 
3.22x10+02 
;7.06xl0+"2 
2.41x10+"-'' 
6.11 X10+"-'' 
1.28x10+"'' 
2.35x10+"'' 
3.91x10+"" 
1.06x10+"^ 
;2.18xl0+"5 
3.85x10+05 

;6. 11x10+"^ 

1.23x10+06 
2.05x10+06 
3.00x10+06 
;4.02x 10+06 
1.07x10+06 
.95x10+06 
.59x10+06 
10x10+07 



1.20x10+07 
1.32x10+07 



3.76x10+°! 

1.35xl0+"2 
(3.84xl0+"2) 
(8.41xl0+"2) 
(2.87x10+"''*) 
(7.28x10+"-'*) 
(1.52x10+"") 
(2.80x10+"") 
(4.66x10+"") 
(1.26x10+05) 
(2.60xl0+°5) 
(4.59x10+05) 
(7.27x10+05) 
(1.47x10+06) 
(2.45x10+06) 
(3.58x10+06) 
(4.79x10+06) 
(7.23x10+06) 
(9.47x10+06) 
(1.14x10+07) 
(1.30x10+07) 
(1.43x10+07) 
(1.57x10+07) 



4.71x10+0! 
1.63x10+02 
4.57x10+02 
1.00x10+0''* 
3.42x10+0''* 
8.67x10+0''* 
1.81x10+0" 
3.33x10+04 
5.55x10+0" 
1.50x10+05 
3.10x10+05 
5.46x10+05 
8.66x10+05 
1.75x10+00 
2.91x10+00 
4.26x10+00 
5.71x10+00 
8.61x10+00 
1.13x10+07 
1.36x10+07 
1.55x10+07 
1.71x10+07 
1.87x10+07 



3.606x10+0" 
4.889x10+0" 
5.951x10+0" 
6.734x10+0° 
7.961x10+0° 
8.892x10+0° 
9.631x10+0° 
1.024x10+0! 
1.075x10+0! 
1.175x10+01 
1.247x10+01 
1.304x10+01 
1.350x10+01 
1.420x10+01 
1.471x10+01 
1.509x10+01 
1.538x10+01 
1.579x10+01 
1.606x10+01 
1.625x10+01 
1.638x10+01 
1.648x10+01 
1.657x10+01 



2.44x10-01 1.05x10+01 

2.04x10^01 6.09x10+00 

1.75x10^01) 

1.75x10^01) 

1.75x10-01) 

1.75x10-01) 

1.75x10-01) 

1.75x10-01) 

1.75x10-01) 

1.75x10-01) 

1.75x10-01) 

1.75x10-01) 

1.75x10-01) 

1.75x10-01) 

1.75x10-01) 

1.75x10-01) 

1.75x10-01) 

1.75x10-01) 

1.75x10-01) 

1.75x10-01) 

1.75x10-01) 

1.75x10-01) 

1.75x10-01) 



Comments: Compilations of data or summary tables for i^F+p can be found in Refs. 
[242,17,37,180]. However, whenever possible, we prefer to consult the original papers. 
Most resonance energies are calculated from excitation energies as measured by Utku ct 
al. [242], using a proton separation energy of Sp = 6411. 2±0. 6 keV [11]. For the lowest- 
energy resonances, when the analog assignments are known, we use the reanalyzed [18] 
results of Smotrich et al. [217] from i5N(a, Q!)!5N to estimate the i^Ne a-particle partial 
widths. Following Ref. [242], the analogs of the 6.419 and 6.449 MeV levels in i^Ne (corre- 
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spending to the 8 and 38 keV resonances) were assumed to be the ^^F states at 6.497 and 
6.528 MeV (J'^ = 3/2+). They were previously thought [46] to possibly dominate the re- 
action rate at low temperatures; neutron spectroscopic factors were previously extracted 
from analog transfer reactions [65,145] and used to calculate proton partial widths. This 
procedure now seems obsolete with the recent neutron and proton transfer experiment 
of Adekola et al. [1], who assign ^ = 1 to the 8 keV resonance (corresponding to ,P 
= l/2~ or 3/2~) and observe a stong population of the subthreshold 6.290 MeV level 
(gem ^ _i2\ keV, J'' = (1/2,3/2)+). With these new experimental resuhs, the analog 
assignments for the levels corresponding to the EJ;™ — —121, 8 and 38 keV resonances 
need to be reassessed. Here, we make the following assumptions: (i) the subthreshold 
6.290 MeV level has r = 1/2+ and is the analog of the 6.255 MeV level in ^^F [1]; (ii) 
the E™' — 8 keV resonance has J"^ = 3/2^ [1], corresponding to the 6.088 MeV level in 
"^^F; and (iii) the E"" = 38 keV resonance has J'^ = 3/2+, as previously assumed [242], 
and may thus interfere with the E"" — 665 keV resonance [66]; the proton widths are 
adopted from Adekola et al. [1]. Needless to say that these assumptions are subject to 
caution since the spins and parities for these levels are not known unambiguously. Also, 
there are many missing (unobserved) levels in ^''Nc compared to ^^F [180], which we 
prefer to ignore in the absence experimental evidence. For the E^™ — 26 keV resonance, 
the total width was measured by Utku et al. [242] while an upper limit for the proton 
width is adopted from Kozub et al. [145] (as for the E^™ = 287 keV resonance). A lower 
limit of Fp/F > 0.007 was obtained by Visser et al. [244] for the E^™ = 450 keV (7/2") 
resonance, yielding Fp > 8 eV. Since this value exceeds the Wigner limit, we use the 
latter result instead. Two important resonances have been directly observed: the 3/2+ 
resonance at 665 keV, for which we use the precise energy and partial widths measured 
by Bardayan et al. [14], and the 3/2~ resonance at 330 keV [16]. Partial widths (or 
upper limits) for the next two resonances are extracted from Refs. [17,242]. Because of 
conflicting experimental data, the reported resonances above 900 keV are not included 
in our calculation of the reaction rate. For instance, the spin, parity and proton partial 
width given by Bardayan et al. [17] for the assumed 1009 keV resonance were shown to 
be incompatible [94] , leading to an unrealistic spectroscopic factor. In addition, this reso- 
nance was not observed by Murphy et al. [178]. The broad 1/2+ resonance, predicted by 
Dufour and Descouvemont[76] at 1.49 MeV above the proton threshold and apparently 
observed recently [55], was also not detected by Murphy et al. [178]. On the other hand, 
several resonances reported by Rcf. [178] were not seen in previous work. Accordingly, we 
match the reaction rate at 0.4 GK with the Hauser-Feshbach result [108] obtained with 
the TALYS code. The contribution of the E^"* = 8 keV resonance (with unknown spin) is 
negligible. On the contrary, the E^™ = — 121 keV subthreshold resonance could increase 
the low rate by a factor of 3 near 0.1 GK (if the E^"* = 38 and 665 keV resonances 
interfere destructively). Note the bimodal rate probability density function near T=0.1 
GK, which is caused by the unknown interference sign for these two resonances. 
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F(p, a)^'0 
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Table B.16: Total thermonuclear reaction rates for ^^Ne(p,7)^'^Na. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 




0.010 


1.71x10" 


31 


2.46x10 


-31 


3.57x10 


-31 


-7.048x10+°^ 


3.65x10" 


-01 


3.03x10- 


-01 


0.011 


2.69x10" 


30 


3.86x10 


-30 


5.61x10 


-30 


-6.772 xl0+°i 


3.67x10- 


-01 


6.62x10- 


-01 


0.012 


3.11x10" 


29 


4.49x10 


-29 


6.51x10 


-29 


-6.527x10+°! 


3.67x10- 


-01 


3.19x10- 


-01 


0.013 


2.79x10" 


28 


4.00x10 


-28 


5.72x10 


-28 


-6.309x10+°! 


3.69x10- 


-01 


4.09x10- 


-01 


0.014 


1.95x10" 


27 


2.83x10 


-27 


4.10x10 


-27 


-6.112x10+°! 


3.68x10- 


-01 


1.32x10+°° 


0.015 


1.19x10" 


26 


1.70x10 


-26 


2.48x10 


-26 


-5.933x10+°! 


3.67x10- 


-01 


4.21x10- 


-01 


0.016 


6.03x10" 


26 


8.71x10 


-26 


1.25x10 


-25 


-5.770x10+°! 


3.70x10- 


-01 


2.13x10- 


-01 


0.018 


1.09x10" 


24 


1.56x10 


-24 


2.24x10 


-24 


-5.482x10+°! 


3.65x10- 


-01 


2.45x10- 


-01 


0.020 


1.31x10" 


23 


1.90x10 


-23 


2.70x10 


-23 


-5.233x10+°! 


3.66x10- 


-01 


3.07x10- 


-01 


0.025 


1.93x10" 


21 


2.76x10 


-21 


4.01x10 


-21 


-4.734x10+°! 


3.69x10- 


-01 


7.81x10- 


-01 


0.030 


8.77x10" 


20 


1.24x10 


-19 


1.78x10 


-19 


-4.353x10+°! 


3.63x10- 


-01 


8.34x10- 


-01 


0.040 


2.18x10" 


17 


3.11x10 


-17 


4.46x10 


-17 


-3.800x10+°! 


3.65x10- 


-01 


6.60x10- 


-01 


0.050 


1.10x10" 


15 


1.57x10 


-15 


2.28x10 


-15 


-3.408x10+°! 


3.64x10- 


-01 


3.84x10- 


-01 


0.060 


2.23x10" 


14 


3.17x10 


-14 


4.55x10 


-14 


-3.108x10+°! 


3.61x10- 


-01 


5.09x10- 


-01 


0.070 


2.40x10" 


13 


3.42x10 


-13 


4.98x10 


-13 


-2.870x10+°! 


3.68x10- 


-01 


9.06x10- 


-01 


0.080 


1.72x10" 


12 


2.46x10 


-12 


3.56x10 


-12 


-2.673x10+°! 


3.63x10- 


-01 


2.86x10- 


-01 


0.090 


9.07x10" 


12 


1.29x10 


-11 


1.87x10 


-11 


-2.507x10+°! 


3.62x10- 


-01 


6.07x10- 


-01 


0.100 


3.74x10" 


11 


5.40x10 


-11 


7.74x10 


-11 


-2.364x10+°! 


3.62x10- 


-01 


3.33x10- 


-01 


0.110 


1.32x10" 


10 


1.86x10 


-10 


2.67x10 


-10 


-2.240x10+°! 


3.64x10- 


-01 


9.47x10- 


-01 


0.120 


4.03x10" 


10 


5.70x10 


-10 


8.14x10 


-10 


-2.128x10+°! 


3.57x10- 


-01 


6.00x10- 


-01 


0.130 


1.07x10" 


09 


1.52x10 


-09 


2.20x10 


-09 


-2.030x10+°! 


3.64x10- 


-01 


7.64x10- 


-01 


0.140 


2.58x10" 


09 


3.70x10 


-09 


5.34x10 


-09 


-1.941x10+°! 


3.65x10- 


-01 


2.62x10- 


-01 


0.150 


5.82x10" 


09 


8.36x10 


-09 


1.20x10 


-08 


-1.860x10+°! 


3.63x10- 


-01 


2.32x10- 


-01 


0.160 


1.24x10" 


08 


1.76x10 


-08 


2.51x10 


-08 


-1.785x10+"! 


3.52x10- 


-01 


8.45x10- 


-01 


0.180 


4.92x10" 


08 


6.86x10 


-08 


9.76x10 


-08 


-1.649x10+°! 


3.43x10- 


-01 


4.16x10- 


-01 


0.200 


1.92x10" 


07 


2.71x10 


-07 


3.80x10 


-07 


-1.512x10+°! 


3.52x10" 


-01 


1.53x10- 


fOO 


0.250 


5.56x10" 


06 


9.63x10 


-06 


1.81x10 


-05 


-1.151x10+°! 


5.87x10- 


-01 


7.00x10- 


fOO 


0.300 


1.05x10" 


04 


2.01x10 


-04 


3.98x10 


-04 


-8.492x10+°° 


6.59x10- 


-01 


1.16x10+°° 
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Table B.16 - continued 



T (GK) Low rate Median rate High rate lognormal ji lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



9.74x10-"^ 

5.20x10-"^ 
1.89xl0""2 

5.23xl0-"2 
2.37x10"°! 
6.92x10""! 
1.54x10+°" 
2.89x10+"° 
4.78x10+"° 
(1.23x10+"!) 
(2.31x10+"!) 
(3.65x10+°^) 
(5.11x10+"!) 
(7.96x10+°^) 
(1.03xl0+°2) 
(1.21xl0+°2) 
(1.32xl0+°2) 
(1.45xl0+°2) 
(1.48xl0+°2) 
(1.45xl0+°2) 
(1.40xl0+°2) 
(1.33x10+02) 
(1.27xl0+°2) 



1.90x10-°-'' 
9.97x10"°^ 
3.59xl0-°2 
9.87xl0-°2 
4.37x10"°! 
1.25x10+°" 
2.69x10+"° 
4.88x10+"° 
7.86x10+"° 
1.86x10+"! 
3.36x10+"! 
5.13x10+"^ 
7.02x10+"! 
1.07xl0+"2 
1.38xl0+"2 
1.60xl0+"2 
1.76xl0+"2 
1.92xl0+"2 
1.96xl0+"2 
1.93xl0+"2 
1.86xl0+"2 
1.77xl0+"2 
1.69x10+"^ 



3.69x10-°-'' 
1.92xl0"°2 
6.80xl0-°2 
1.85x10-°! 
8.05x10-°! 
2.25x10+"" 
4.77x10+"° 
8.47x10+°" 
1.33x10+°! 
(2.99x10+°! 
(5.12x10+°! 
(7.50x10+°! 
(9.95x10+°! 
(1.46xl0+°2 
(1.84xl0+°2 
(2.13xl0+°2 
(2.33xl0+°2 
(2.53xl0+°2 
(2.57xl0+°2 
(2.54xl0+°2 
(2.45xl0+°2 
(2.34xl0+°2 
(2.23xl0+°2 



-6.266x10+"" 
-4.603x10+"° 
-3.323x10+"" 
-2.312x10+"° 
-8.204x10-°! 
2.254x10-°! 
1.001x10+"" 
1.600x10+"" 
2.080x10+"" 
(2.950x10+"° 
(3.537x10+"° 
(3.957x10+°° 
(4.268x10+"° 
(4.683x10+0° 
(4.930x10+0° 
(5.082x10+0° 
(5.174x10+0° 
(5.261x10+0° 
(5.280x10+0° 
(5.263x10+0° 
(5.227x10+0° 
(5.181x10+0° 
(5.130x10+0° 



6.62x10-"! 4, 
6.52x10-"! 3, 
6.42x10-"! 3, 
6.31x10-"! 3. 
6.10x10-"! 3. 
5.88x10-°! 6. 
5.65x10-°! 1. 
5.40x10-"! 2. 
5.14x10-°! 3. 
(4.54x10"°!) 
(4.06x10"°!) 
(3.70xl0"0!) 
(3.44x10"°!) 
(3.14x10"°!) 
(2.99xl0"0i) 
(2.92xl0"0!) 
(2.88xl0"0i) 
(2.85xl0"0i) 
(2.83xl0"0i) 
(2.83xl0"0!) 
(2.83xl0"0i) 
(2.83xl0"0i) 
(2.83xl0"0i) 



38x10-°! 
54x10-°! 
14x10-°! 
03x10-°! 
85x10-°! 
48x10-°! 
23x10+°° 
15x10+°° 
34x10+°° 



Comments: Because of the limited available spectroscopic information on 2°Na, only 
four levels are considered for the calculation of the reaction rate. They are located at 
S^=2645±6, 2849±6, 3001±2 and 3086±2 keV [234]. The higher lying states have well 
determined spins and parities, have assigned analogs in 2°Ne and ^"F, and their total 
widths (r=19.8±2 and 35.9±2 keV) have been measured [49]. The 2645 keV level is 
assigned a spin and parity of either 1+ or 3+, while 3+ or 3" are assigned to the 2849 
keV level. With the revised 2°Na mass, the proton emission threshold is now at 2193±7 
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keV [11] and, consequently, the resonances are located at E'f™ = 452±9, 656±9, 808±7 
and 893±7 keV. Only upper limits have been obtained for the strength of these resonances 
(<15 meV [51], <81, <102, <152 meV, respectively [243]). Hence, to calculate the rate, we 
use shell model results for Tj [243] with an ±50% estimated uncertainty. The calculated 
resonance strengths are well within the experimental upper limits except for the first 
and most important level at 2645 keV. If its spin is 1+, then the calculated strength 
(6 meV [243]) is below the experimental upper limit (<15 meV) of Coudcr ct al. [51]. 
However, Fortune et al. [93] argue that it is more likely a 3+ state and calculate a lower 
limit of ivy >16 meV, marginally consistent with the experimental upper limit. Clearly, 
new experiments are needed to settle this issue and to account for this uncertainty. We 
adopt a value of a;7=9±6 meV to cover the interval between the shell model result of 
6±3 meV and experiment. Because of the uncertain parity assignment, we use W7=8±7 
mcV for the second level, based on shell model calculations. The direct capture S-factor 
is adopted from Vancraeynest et al. [243]. (Note that the energy in their Eq. (10) must be 
in units of MeV although their S-factor is given in units of keVb.) Above T «1 GK the 
reaction rate should be extrapolated using the statistical model. Below this temperature, 
our results are in agreement with Refs. [243,51], except that the rate uncertainty below 
0.2 GK is higher because of the 40% uncertainty assigned to the direct capture S-factor, 
and is lower above 0.2 GK since we adopt shell model results instead of experimental 
upper limits. 
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'Ne(p, y)^°Na 



CD 




1e-19 2e-19 3e-19 4e-19 5e-19 ° 2e-14 4e-14 6e-14 8e-14 1e-13 




T9 = 0.3 
A-D = 1.156 



5.0e-11 1.0e-10 1.5e-10 2.0e-10 ° 0.0000 0.0005 0.0010 0.0015 0.0020 




Reaction rate (cm^ mol ^ s ^) 
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Table B.17: Total thermonuclear reaction rates for ^'^Ne(p,7)^^Na. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


5.55x10" 


29 


7.61x10 


-29 


1.05x10 


-28 


-6.474x10+°^ 


3.22x10" 


-01 


6.75x10"°! 


0.011 


8.02x10" 


28 


1.09x10 


-27 


1.51x10 


-27 


-6.207x10+°^ 


3.19x10" 


-01 


7.06x10"°! 


0.012 


8.54x10" 


27 


1.17x10 


-26 


1.60x10 


-26 


-5.971 xl0+°i 


3.16x10" 


-01 


7.04x10"°! 


0.013 


7.04x10" 


26 


9.57x10 


-26 


1.31x10 


-25 


-5.761x10+°^ 


3.12x10" 


-01 


1.05x10+°° 


0.014 


4.72x10" 


25 


6.41x10 


-25 


8.70x10 


-25 


-5.571x10+°^ 


3.09x10" 


-01 


8.38x10"°! 


0.015 


2.65x10" 


24 


3.59x10 


-24 


4.86x10 


-24 


-5.398x10+°^ 


3.07x10" 


-01 


1.04x10+°° 


0.016 


1.28x10" 


23 


1.73x10 


-23 


2.34x10 


-23 


-5.241x10+°^ 


3.05x10" 


-01 


8.12x10"°! 


0.018 


2.08x10" 


22 


2.80x10 


-22 


3.78x10 


-22 


-4.962x10+°^ 


2.99x10" 


-01 


9.38x10"°! 


0.020 


2.30x10" 


21 


3.07x10 


-21 


4.10x10 


-21 


-4.723x10+°^ 


2.94x10" 


-01 


1.14x10+°° 


0.025 


2.78x10" 


19 


3.65x10 


-19 


4.86x10 


-19 


-4.245x10+°^ 


2.83x10" 


-01 


1.86x10+°° 


0.030 


1.07x10" 


17 


1.39x10 


-17 


1.82x10 


-17 


-3.881x10+°^ 


2.73x10" 


-01 


1.58x10+°° 


0.040 


2.12x10" 


15 


2.73x10 


-15 


3.53x10 


-15 


-3.353x10+°^ 


2.57x10" 


-01 


1.63x10+°° 


0.050 


9.12x10" 


14 


1.15x10 


-13 


1.47x10 


-13 


-2.979x10+°^ 


2.42x10" 


-01 


1.77x10+°° 


0.060 


1.58x10" 


12 


1.98x10 


-12 


2.50x10 


-12 


-2.694x10+°^ 


2.33x10" 


-01 


1.36x10+°° 


0.070 


1.53x10" 


11 


1.89x10 


-11 


2.40x10 


-11 


-2.468x10+°^ 


2.24x10" 


-01 


2.46x10+°° 


0.080 


9.99x10" 


11 


1.23x10 


-10 


1.52x10 


-10 


-2.281x10+°^ 


2.15x10" 


-01 


1.41x10+°° 


0.090 


4.82x10" 


10 


5.91x10 


-10 


7.31x10 


-10 


-2.124x10+°^ 


2.11x10" 


-01 


1.39x10+°° 


0.100 


1.88x10" 


09 


2.29x10 


-09 


2.83x10 


-09 


-1.989x10+°^ 


2.06x10" 


-01 


2.26x10+°° 


0.110 


6.13x10" 


09 


7.42x10 


-09 


9.09x10 


-09 


-1.871 xl0+°i 


2.02x10" 


-01 


5.90x10"°! 


0.120 


1.74x10" 


08 


2.11x10 


-08 


2.58x10 


-08 


-1.767x10+°! 


2.00x10" 


-01 


1.03x10+°° 


0.130 


4.44x10" 


08 


5.34x10 


-08 


6.51x10 


-08 


-1.674x10+°! 


1.93x10" 


-01 


1.09x10+°° 


0.140 


1.03x10" 


07 


1.24x10 


-07 


1.50x10 


-07 


-1.590x10+°! 


1.93x10" 


-01 


8.11x10"°! 


0.150 


2.21x10" 


07 


2.67x10 


-07 


3.22x10 


-07 


-1.514x10+°! 


1.89x10" 


-01 


4.64x10"°! 


0.160 


4.44x10" 


07 


5.35x10 


-07 


6.45x10 


-07 


-1.444x10+"! 


1.89x10" 


-01 


3.38x10"°! 


0.180 


1.54x10" 


06 


1.85x10 


-06 


2.21x10 


-06 


-1.320x10+°! 


1.86x10- 


-01 


5.04x10-"! 


0.200 


4.53x10" 


06 


5.39x10 


-06 


6.49x10 


-06 


-1.213x10+"! 


1.82x10- 


-01 


5.58x10-°! 


0.250 


4.33x10" 


05 


5.05x10 


-05 


5.94x10 


-05 


-9.890x10+"° 


1.60x10- 


-01 


8.26x10-°! 


0.300 


2.69x10" 


04 


3.09x10 


-04 


3.58x10 


-04 


-8.077x10+°° 


1.44x10" 


-01 


1.15x10+°° 
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Table B.17 - continued 



T (GK) Low rate Median rate High rate lognormal ji lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



1.19x10""^^ 

3.86x10-"^ 
1.00xl0""2 

2.19xl0""2 

7.34xl0-°2 

1.84x10""^ 

3.91x10-°! 

7.86x10-"! 

1.54x10+°° 

7.37x10+°° 

2.54x10+°! 

6.46x10+°! 

1.31xl0+°2 

3.54xl0+°2 

6.85xl0+°2 

1.09xl0+°3 

1.54xl0+°3 

2.46x10+°^ 

3.27xl0+°3 

3.90x10+°^ 

4.32x10+°^ 

4.54x10+°^ 

4.63x10+°^ 



1.35xl0-°3 
4.36x10-°-'' 
1.13xl0-°2 
2.48xl0-°2 
8.36xl0-°2 
2.09x10-°! 
4.46x10"°! 
8.90x10-°! 
1.73x10+°° 
7.94x10+°° 
2.69x10+°! 
6.76x10+°! 
1.36x10+°^ 
(3.68xl0+°2) 
(7.15xl0+°2) 
(1.14xl0+°3) 
(1.62xl0+°3) 
(2.62xl0+°3) 
(3.53xl0+°3) 
(4.21xl0+°3) 
(4.69x10+°^) 
(4.96xl0+°3) 
(5.07xl0+°3) 



1.53xl0-°3 
4.94x10-°-'' 
1.29xl0-°2 
2.80xl0-°2 
9.45xl0-°2 
2.37x10-°! 
5.09x10-°! 
1.01x10+°° 
1.95x10+"° 
8.65x10+°" 
2.86x10+°! 
7.11x10+°! 
1.43xl0+°2 
(3.85xl0+°2) 
(7.49xl0+°2) 
(1.21xl0+°3) 
(1.73xl0+°3) 
(2.82xl0+°3) 
(3.82xl0+°3) 
(4.60xl0+°3) 
(5.15xl0+°3) 
(5.46xl0+°3) 
(5.61xl0+°3) 



-6.609x10+"° 
-5.435x10+"° 
-4.480x10+"° 
-3.699x10+"° 
-2.484x10+"° 
-1.565x10+"° 
-8.059x10-°! 
-1.148x10-°! 
5.514x10-°! 
2.077x10+°° 
3.295x10+°° 
4.217x10+°° 
4.919x10+°° 
(5.911x10+°° 
(6.574x10+°° 
(7.046x10+°° 
(7.397x10+°° 
(7.876x10+°° 
(8.170x10+°° 
(8.350x10+°° 
(8.458x10+°° 
(8.513x10+°° 
(8.536x10+°° 



1.28x10-"! 5. 
1.25x10-"! 3, 
1.25x10-"! 3, 
1.23x10-"! 3. 
1.26x10-"! 5, 



1.28x10" 



1 



1.32x10-"! 1 
1.27x10-"! 1 
1.17x10-°! 4 
8.28xl0-°2 9 
6.11xl0-°2 1 
4.93x10"°^ 1 
4.47xl0-°2 1 
(4.13x10-°^) 
(4.57xl0-°2) 
(5.12x10-°^) 
(5.78xl0-°2) 
(6.87xl0-°2) 
(7.86xl0-°2) 
(8.48xl0-°2) 
(8.92x10-°^) 
(9.16x10-°^) 
(9.56xl0-°2) 



13x10-°! 
60x10-°! 
71x10-°! 
92x10-°! 
27x10-°! 
19x10+°° 
29x10+°° 
05x10+°° 
80x10+°° 
20x10+°° 
25x10+°! 
35x10+°! 
32x10+°! 



Comments: This rate has a substantial contribution from a subthreshold resonance, 
which depends critically on its energy with respect to the ^°Ne+p threshold. We have 
revised the Q-value for this reaction by including a rciccmt measurement of the ^^Na mass 
excess [174,175] in a weighted average with that listed in Ref. [250]. Our recommended 
value, Q = 2431.69(14) keV, is about 0.5 keV higher than the result of Ref. [250]. Our 
recommended excitation energy is 2424.9(4) keV, which is a weighted average of Ei^ = 
2423.3(9) keV [73] and E^; = 2425.2(4) keV [202]. Consequently, our revised resonance 
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energy is EJ:™ = —6.79(42) keV. Rolfs et al. [202] have measured the individual S-factors 

for resonance and direct capture (DC) into this state. Their absolute cross section scale 
was derived relative to the known strength of the E™' = 1113 keV resonance as well as 
from the cross section for the ^^0(p,7)^''F reaction [199], which itself is normalized to the 
cross section of Tanner et al. [227]. The accepted value for the strength of the 1113 keV 
resonance is uj^ = 1.125(75) eV [29]. However, there have been two recent measurements 
of ujj ~ 1.17(6) eV [220] and = 1.12(2) eV [85]. We have used a weighted average of 
these three results: W7 = 1.125(18) oV. For the normalization based on the ^®0(p,7)^^F 
reaction, we instead use the evahiatcd cross sections of Iliadis et al. [133]. Taking these 
results together, we find that the S-factors of Ref. [202] should be increased by 2.9%, 
which is within their quoted imccrtaintics. 

We have re-fit these S-factors using a more realistic bound-state potential than was 
used in the original fits. This results in a slightly smaller value for the spectroscopic factor 
of the subthreshold state: C^S* = 0.82(20) compared to the original value of 0.9(1) [202]. 
Our uncertainty includes an estimate of the uncertainty associated with the choice of 
parameters for the bound-state potential. We have also re-fit the S-factor for resonance 
capture into the tail of this state. Taking = 0.17(5) eV (derived from the measured 
lifetime [8]), this fit provides an independent value of C^S — 0.65(19). Thus, we adopt 
an average of C^S = 0.73(14). To calculate the contribution of the tail of this state to 
the total reaction rate, it is also necessary to know the dimcnsionless reduced width. 
Here we have used an "observed" value of = 0.609 [129] and adopt an uncertainty 
of 15%. Our value of C^S = 0.73(14) is somewhat lower than the result of Terakawa et 
al. [230] {C^S = 0.97), but is consistent with the "best-fit" value of C^S = 0.65(10), 
derived from a measurement of the asymptotic normalization coefficient (ANC) by Ref. 
[173]. However, this latter value assumes a resonance energy of EJ;™ = —7 keV and they 
show that the ANC varies greatly with the assumed resonance energy. Thus, it is not 
possible to scale this result to our energy of E"™ = —6.79 keV with a reliable estimate 
for the uncertainty. As a result, we have used our value derived from the data of Rolfs 
et al. [202] of C^S = 0.73(14). It should be noted that we also obtain C^S = 1.3(3) for 
the Ex = 332 keV state, which is in poor agreement with C'^S = 0.63 from Terakawa 
et al. [230]. Although the reason for this disagreement is not clear, the fit to the DC 
data [202] is extremely good and it is S dc that we use for the calculation of the reaction 
rate. Note that in this case Sdc is not well described by a second-order polynomial. 
However, we are able to fit the data with two second-order polynomials, each of which 
having a different cutoff energy. The uncertainties assigned to each term are chosen to 
yield an overall uncertainty of «22% over the entire temperature range, which accounts 
for uncertainties in the fits to the DC data as well as our estimate of the systematic 
uncertainty associated with the choice of potential parameters for the DC calculations. 

There are 8 known resonances in the ^°Ne(p,7)^^Na reaction, extending up to an energy 
of EJi'" = 2036 keV. Resonance energies are derived from the excitation energies appearing 
in ENDSF [89]. With the exception of the aforementioned 1113 keV resonance, resonance 
strengths are obtained from the compilation of Endt and van der Leun [81]. Since no 
uncertainty is listed for the strength of the 2036 keV resonance, we have arbitrarily 
chosen a value of 25%. In addition to the subthreshold resonance, the contributions of 
the broad resonances at 1738 keV and 2036 keV were integrated numerically in our 
calculation of the reaction rate. 
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Table B.18: Total thermonuclear reaction rates for ^'^Ne(a,7)^^Mg. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


1.10x10" 


-81 


1.96x10" 


-81 


3.53x10" 


-81 


-1.858xl0"^°2 


5.72x10-01 


1.31x10+00 


0.011 


9.14x10" 


-79 


1.59x10" 


-78 


2.81x10" 


-78 


-1.791x10^-02 


5.67x10-01 


1.15x10+00 


0.012 


3.45x10" 


-76 


5.99x10" 


-76 


1.07x10" 


-75 


-1.732x10^-02 


5.61x10-01 


6.82x10-01 


0.013 


6.94x10" 


-74 


1.20x10" 


-73 


2.15x10" 


-73 


-1.679x10-^02 


5.63x10-01 


1.68x10+00 


0.014 


8.54x10" 


-72 


1.46x10" 


-71 


2.58x10" 


-71 


-1.631x10-^02 


5.55x10-01 


8.93x10-01 


0.015 


6.59x10" 


-70 


1.15x10" 


-69 


1.99x10" 


-69 


-1.587x10^-02 


5.57x10-01 


3.45x10-01 


0.016 


3.60x10" 


-68 


6.24x10" 


-68 


1.08x10" 


-67 


-1.547x10^-02 


5.57x10-01 


9.24x10-01 


0.018 


4.18x10" 


-65 


7.16x10" 


-65 


1.25x10" 


-64 


-1.477x10-^02 


5.51x10-01 


1.04x10+00 


0.020 


1.82x10" 


-62 


3.09x10" 


-62 


5.41x10" 


-62 


-1.416x10^-02 


5.50x10-01 


1.22x10+00 


0.025 


3.72x10" 


-57 


6.44x10" 


-57 


1.13x10" 


-56 


-1.294x10^-02 


5.48x10-01 


1.05x10+00 


0.030 


2.26x10" 


-52 


1.64x10" 


-51 


6.77x10" 


-51 


-1.171x10-^02 


1.57x10+00 


3.45x10+01 


0.040 


1.13x10" 


-43 


1.20x10" 


-42 


5.09x10" 


-42 


-9.700x10-^01 


2.19x10+00 


1.23x10+02 


0.050 


2.23x10" 


-38 


2.37x10" 


-37 


1.01x10" 


-36 


-8.481x10^-01 


2.23x10+00 


1.27x10+02 


0.060 


7.17x10" 


-35 


7.65x10" 


-34 


3.25x10" 


-33 


-7.674x10^-01 


2.23x10+00 


1.28x10+02 


0.070 


2.22x10" 


-32 


2.37x10" 


-31 


1.00x10" 


-30 


-7.100x10-^01 


2.23x10+00 


1.28x10+02 


0.080 


1.59x10" 


-30 


1.70x10" 


-29 


7.21x10" 


-29 


-6.672x10-^01 


2.23x10+00 


1.27x10+02 


0.090 


4.33x10" 


-29 


4.64x10" 


-28 


1.96x10" 


-27 


-6.342x10^-01 


2.22x10+00 


1.26x10+02 


0.100 


5.99x10" 


-28 


6.42x10" 


-27 


2.71x10" 


-26 


-6.079x10-^01 


2.21x10+00 


1.25x10+02 


0.110 


5.07x10" 


-27 


5.43x10" 


-26 


2.29x10" 


-25 


-5.865x10^-01 


2.19x10+00 


1.22x10+02 


0.120 


2.97x10" 


-26 


3.19x10" 


-25 


1.34x10" 


-24 


-5.688x10^-01 


2.16x10+00 


1.19x10+02 


0.130 


1.31x10" 


-25 


1.41x10" 


-24 


5.94x10" 


-24 


-5.538x10^-01 


2.12x10+00 


1.12x10+02 


n 1 /in 


4.73x10" 


-25 


5.00x10" 


-24 


2.11x10" 


-23 


-0.4U/ X iU 


o no \y 1 n-1-00 
z.UzX iU 


y. / 1 X iU 


0.150 


1.67x10" 


-24 


1.51x10" 


-23 


6.30x10" 


-23 


-5.282x10+01 


1.70x10+00 


5.37x10+01 


0.160 


1.49x10" 


-23 


4.95x10" 


-23 


1.74x10" 


-22 


-5.131x10+"! 


1.09x10+00 


3.60x10+01 


0.180 


4.66x10" 


-21 


5.75x10" 


-21 


7.08x10" 


-21 


-4.660x10+01 


2.14x10-01 


2.95x10-01 


0.200 


6.31x10" 


-19 


7.68x10" 


-19 


9.49x10" 


-19 


-4.171x10+01 


2.06x10-01 


5.43x10-01 


0.250 


4.55x10" 


-15 


5.54x10" 


-15 


6.83x10" 


-15 


-3.283x10+01 


2.06x10-01 


5.45x10-01 


0.300 


1.62x10" 


-12 


1.97x10" 


-12 


2.43x10" 


-12 


-2.695x10+01 


2.05x10-01 


5.46x10-01 



101 



Table B.18 - continued 



T (GK) Low rate Median rate High rate lognormal ji lognormal a A-D 



2.05x10-"^ 5.50x10-°! 

2.04x10""! 5.52x10"°! 

2.04x10""! 5.57x10"°! 

2.03x10""! 5.69x10"°! 

1.97x10""! 6.40x10"°! 

1.87x10""! 6.73x10"°! 

1.72x10""! 4.53x10"°! 

1.67x10""! 6.77x10"°! 

1.80x10""! 4.61x10+"° 

2.01x10""! 1.48x10+"! 

1.81x10""! 1.44x10+°! 

1.56x10"°! 1.20x10+°! 

1.36x10"°! 9.07x10+°° 

1.09x10"°! 4.42x10+°° 

9.42x10"°^ 2.01x10+°° 

8.44x10"°^ 1.01x10+°° 

7.75x10"°^ 6.33x10"°! 

6.81xl0"°2 4.63x10"°! 

6.17x10"°^ 4.01x10"°! 

5.73x10"°^ 4.15x10"°! 

5.43x10"°^ 4.37x10"°! 
(5.31xl0"°2) 
(5.31xl0"°2) 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



1.04x10"!° 
2.28x10""^ 
2.49xl0""8 
1.66x10""'^ 
2.81x10""° 
2.16x10""'"^ 
1.06x10"""! 
4.08x10""* 
1.35xl0""3 
1.74xl0""2 
1.26x10""! 
5.60x10"°! 
1.75x10+°" 
8.73x10+°° 
2.52x10+°! 
5.32x10+°! 
9.23x10+°! 
1.97xl0+°2 
3.22xl0+°2 
4.56xl0+°2 
5.94xl0+°2 
(7.35xl0+°2) 
(9.42xl0+°2) 



1.26x10"!" 
2.78x10"°° 
3.03x10"°* 
2.02x10"°^ 
3.40xl0"°6 
2.58x10"°-^ 
1.26x10"°^^ 
4.82x10"°* 
1.60x10"°^ 
2.08xl0"°2 
1.48x10"°! 
6.46x10"°! 
1.99x10+°" 
9.69x10+°° 
2.77x10+°! 
5.78x10+°! 
9.96x10+°! 
2.10xl0+°2 
3.42xl0+°2 
4.83xl0+°2 
6.27xl0+°2 
(7.76xl0+°2) 
(9.93x10+°^) 



1.55x10"!" 
3.43x10"°° 
3.73x10"°* 
2.48x10"°^ 
4.17x10"°*^ 
3.12x10"°-'^ 
1.50x10"°* 
5.71x10"°* 
1.93x10"°^ 
2.58xl0"°2 
1.80x10"°! 
7.61x10"°! 
2.29x10+"° 
1.08x10+°! 
3.04x10+°! 
6.30x10+°! 
1.08x10+°^ 
2.25xl0+°2 
3.64xl0+°2 
5.12xl0+°2 
6.62xl0+°2 
(8.18xl0+"2) 
(1.05xl0+"3) 



-2.279x10+"! 

-1.970x10+"! 

-1.731x10+"! 

-1.542x10+"! 

-1.259x10+"! 

-1.056x10+"! 

-8.979x10+"° 

-7.636x10+"° 

-6.428x10+"° 

-3.857x10+"° 

-1.898x10+"° 

-4.269x10"°! 

6.962x10"°! 

2.276x10+°° 

3.322x10+°° 

4.059x10+°° 

4.603x10+°° 

5.349x10+°° 

5.836x10+°° 

6.181x10+°° 

6.441x10+°° 

;6.654xl0+°°) 

;6.901xl0+°°) 



Comments: For temperatures below T« 0.15 GK, the rate of the ^°Ne(a,7)^*Mg re- 
action is dominated by direct capture (DC) and by possible, unobserved low-energy 
resonances at E^" = -15.40(8), -11.16(24), and 215.93(10) kcV, which correspond to 
states in 24Mg at = 9301.15, 9305.39, and 9532.48 keV, respectively [90]. The direct 
capture component is estimated by scaling a calculated DC rate using relative spectro- 
scopic factors for ^°Ne(°Li,d)^*Mg [6]. These were converted to absolute spectroscopic 
factors using the ratio Sgsi^'^Mg)/ Sggi^^Ne) = 0.7 [6] together with the absolute spec- 
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troscopic factor for ^6O(^Li,d)20Negs [167]. This procedure yields Sgs(^^Mg) = 0.67. It 
should be noted that the spectroscopic factors in Ref. [167] agree well with those obtained 
from the known a-particle widths for the 892 and 1058 keV resonances. In addition, this 
ground-state spectroscopic factor is consistent with Sggi^'^Mg) = 0.54 inferred from 
(pjpa) measurements [36]. The theoretical DC rate was calculated using the same poten- 
tial parameters as used for the DWBA fits to the stripping data. This procedure assumes 
that the (^Li,d) reaction proceeds solely via transfer of an a-particle cluster. While the 
angular distributions are suggestive of this, to be conservative we have assigned a factor 
of 2 uncertainty to the DC rate. The three possible resonances were selected based on 
their T=0 assignments and favorable J'^ values, which allow for ^ = transfer in the case 
of the —11.16 keV resonance and 1=2 transfer for the other two states. 

Resonances have been measured by Smulders [218], Highland and Thwaites [121], Fi- 
field et al. [87] and Schmalbrock et al. [208]. Resonance energies and total widths have 
been updated using the excitation energies and widths appearing in ENDSF [90]. The res- 
onance strengths and partial widths that we have adopted are obtained from a weighted 
average of the published resonance strengths with the following corrections: the strengths 
of Smulders [218] must be multiplied by a factor of 0.83 to convert laboratory stopping 
powers to center-of-mass values, as pointed out by Schmalbrock et al. [208]. This also 
affects the results of Highland and Thwaites [121], who report strengths measured rel- 
ative to that of Smulders [218] for the 2548 kcV resonance. The original value of Ref. 
[218], a;7 = 2.4(7) eV, becomes oj^ = 2.0(6) eV after the center-of-mass conversion. 
The weighted average of this value with the more precise result from Schmalbrock et al. 
[208] is W7 = 1.17(19) eV. Thus, we have scaled the strengths of Highland and Thwaites 
[121] to this value. Finally, the strengths of Fifield et al. [87] were recalculated using (i) 
updated stopping powers from SRIM-2008 [264], and (ii) our adopted strength for the 
standard resonance at E^™ = 5543 keV in ^^0(a,7)^°Ne (see Paper HI). To calculate 
partial widths, we have also made use of resonance strengths for the ^^Na(p,a)^°Ne and 
^■'Na(p,7)^^Mg reactions listed in Paper HI as well as strengths for states populated by 
the ^^Na(p,pi) and ^°Ne(a,ai) reactions [81]. 

Our recommended rates differ markedly from those in the NACRE compilation [7] 
for T<0.16 GK and T> 2 GK (see Paper IV). We suspect that the difference at low 
temperatures stems from the fact that we have included the tails of low- lying resonances, 
which was apparently not done for the NACRE rate. In fact, the latter rate is similar to 
our classical rate. NACRE considered resonances up to EJ;'" = 1414 keV and matched to a 
Hauser-Feshbach rate at T=l GK. However, there are numerous resonances known above 
this and the level density here may not be high enough to warrant a statistical-model 
approach. In our case, we have included resonances up to E^™ = 5008 keV and have 
matched to Hauser-Feshbach results near T=8 GK. Thus, it is likely that the difference 
between the rates at high temperatures is a result of the choice of matching temperatures. 
In our view, the matching temperature should be higher than that employed by NACRE. 
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20 



Ne(a, Y)^^Mg 




T9 = 0.03 
A-D = 34.53 



Oe+00 1e-50 2e-50 3e-50 4e-50 5e-50 




O.Oe+00 



1 .Oe-32 



2.0e-32 



T9 = 0.1 
A-D = 124.5 



T9 = 0.3 
A-D = 0.5458 




O.Oe+00 5.0e-26 1.0e-25 1.5e-25 2.0e-25 



M.Oe-12 



2.0e-12 



3.0e-12 



4.0e-12 



T9 = 0.6 
A-D = 0.6396 




2e-06 3e-06 4e-06 5e-06 6e-06 7e-06 




0.0010 



0.0020 



0.0030 



Reaction rate (cm mol s ) 



105 



Table B.19: Total thermonuclear reaction rates for ^^Ne(p,7)^^Na. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


5.38x10" 


-30 


5.85x10- 


-27 


4.87x10- 


-25 


-6.121x10"^°^ 


4.75x10+00 


2.75x10+02 


0.011 


7.57x10- 


-29 


3.23x10- 


-26 


4.47x10- 


-24 


-5.909 xl0-^°^ 


4.66x10+00 


2.79x10+02 


0.012 


8.00x10- 


-28 


1.26x10- 


-25 


2.79x10- 


-23 


-5.726x10^-01 


4.53x10+00 


3.05x10+02 


0.013 


6.54x10- 


-27 


3.99x10- 


-25 


1.31x10- 


-22 


-5.563 xl0-^°i 


4.38x10+00 


3.40x10+02 


0.014 


4.42x10- 


-26 


1.09x10- 


-24 


5.03x10- 


-22 


-5.417x10-^°^ 


4.20x10+00 


3.92x10+02 


0.015 


2.56x10- 


-25 


2.76x10- 


-24 


1.53x10- 


-21 


-5.284 xl0-^°i 


4.00x10+00 


4.47x10+02 


0.016 


1.25x10- 


-24 


6.59x10- 


-24 


4.21x10- 


-21 


-5.161x10^-01 


3.80x10+00 


5.09x10+02 


0.018 


2.16x10- 


-23 


5.77x10- 


-23 


2.20x10- 


-20 


-4.941x10-^°! 


3.40x10+00 


6.42x10+02 


0.020 


2.43x10- 


-22 


5.36x10- 


-22 


8.08x10- 


-20 


-4.748 xl0-^°i 


3.02x10+00 


7.73x10+02 


0.025 


3.53x10- 


-20 


6.40x10- 


-20 


8.49x10- 


-19 


-4.337x10^-°^ 


2.16x10+00 


1.02x10+03 


0.030 


7.31x10- 


-18 


9.42x10- 


-18 


1.76x10- 


-17 


-3.887x10-^°^ 


1.11x10+00 


1.34x10+03 


0.040 


3.70x10- 


-13 


4.51x10- 


-13 


5.48x10- 


-13 


-2.843 xl0-^°i 


2.02x10-01 


2.02x10+00 


0.050 


2.90x10- 


-10 


3.53x10- 


-10 


4.30x10- 


-10 


-2.176x10^-01 


1.97x10-01 


4.11x10-01 


0.060 


2.36x10- 


-08 


2.88x10- 


-08 


3.50x10- 


-08 


-1.736x10^-01 


1.98x10-01 


4.04x10-01 


0.070 


5.29x10- 


-07 


6.44x10- 


-07 


7.84x10- 


-07 


-1.425x10-^01 


1.98x10-01 


4.02x10-01 


0.080 


5.29x10- 


-06 


6.45x10- 


-06 


7.85x10- 


-06 


-1.195x10-^01 


1.98x10-01 


4.01x10-01 


0.090 


3.11x10- 


-05 


3.79x10- 


-05 


4.61x10- 


-05 


-1.018x10^-01 


1.97x10-01 


4.00x10-01 


0.100 


1.26x10- 


-04 


1.54x10- 


-04 


1.87x10- 


-04 


-8.779x10-^00 


1.97x10-01 


4.00x10-01 


0.110 


3.92x10- 


-04 


4.78x10- 


-04 


5.81x10- 


-04 


-7.646x10^-00 


1.97x10-01 


4.03x10-01 


0.120 


9.99x10- 


-04 


1.22x10- 


-03 


1.48x10- 


-03 


-6.711x10^-00 


1.97x10-01 


4.15x10-01 


0.130 


2.19x10- 


-03 


2.67x10- 


-03 


3.24x10- 


-03 


-5.925x10^-00 


1.95x10-01 


4.49x10-01 


0.140 


4.31x10- 


-03 


5.24x10- 


-03 


6.34x10- 


-03 


-5.252x10^-00 


1.93x10-01 


5.27x10-01 


0.150 


7.83x10- 


-03 


9.46x10- 


-03 


1.14x10- 


-02 


-4.660x10-^00 


1.88x10-01 


6.85xl0-°i 


0.160 


1.35x10- 


-02 


1.61x10- 


-02 


1.93x10- 


-02 


-4.125x10^-00 


1.79x10-01 


9.79x10-"! 


0.180 


3.66x10- 


-02 


4.26x10- 


-02 


4.98x10- 


-02 


-3.152x10+"" 


1.55x10-01 


1.71x10+0" 


0.200 


9.39x10- 


-02 


1.07x10- 


-01 


1.22x10- 


-01 


-2.236x10+"" 


1.29xl0-"i 


6.60xl0-"i 


0.250 


7.47x10- 


-01 


8.43x10- 


-01 


9.52x10- 


-01 


-1.702x10-°! 


1.22xl0-"i 


2.98xl0-"i 


0.300 


3.60x10-^°° 


4.12x10-^°° 


4.70x10^-°° 


1.415x10+00 


1.33xl0-°i 


5.62xl0-°i 
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Table B.19 - continued 



T (GK) Low rate Median rate High rate lognormal ji lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



1.15x10+°! 
2.73x10+°! 
5.34x10+°! 
9.12x10+°! 
2.06xl0+°2 
3.82xl0+°2 
6.29xl0+°2 
9.59xl0+°2 
1.38x10+°^ 
2.82xl0+°3 
4.74xl0+°3 
6.98x10+°^ 
9.37xl0+°3 
1.41x10+°^ 
1.84x10+°^ 
2.20x10+°^ 
2.49x10+°^ 
2.88x10+°^ 
3.10x10+°^ 
3.18x10+°^ 
3.18x10+°^ 
(3.13x10+°^) 
(3.28x10+°^) 



1.31x10+°! 
3.13x10+°! 
6.11x10+"! 
1.04xl0+"2 
2.34xl0+°2 
4.28x10+"^ 
6.96xl0+°2 
1.05xl0+°3 
1.50x10+°^ 
3.02xl0+°3 
5.05xl0+°3 
7.41x10+°^ 
9.91xl0+°3 
1.48x10+°^ 
1.93x10+°^ 
2.29x10+°^ 
2.60x10+°^ 
3.01x10+°^ 
3.24x10+°^ 
3.33x10+°^ 
3.33x10+°* 
(3.30x10+°*) 
(3.45x10+°*) 



1.51x10+"! 
3.59x10+"! 
7.00x10+"! 
1.19xl0+"2 
2.64xl0+"2 
4.78x10+"^ 
7.69xl0+°2 
1.15xl0+"3 
1.63xl0+"3 
3.26xl0+°3 
5.42xl0+°3 
7.89x10+°^ 
1.05x10+°* 
1.56x10+°* 
2.02x10+°* 
2.40x10+°* 
2.71x10+°* 
3.14x10+°* 
3.38x10+°* 
3.49x10+°* 
3.51x10+°* 
(3.47x10+°*) 
(3.63x10+°*) 



2.576x10+"" 
3.444x10+"" 
4.113x10+"" 
4.646x10+"" 
5.455x10+"" 
6.059x10+"" 
6.546x10+"" 
6.957x10+"" 
7.311x10+"" 
8.016x10+"° 
8.530x10+°° 
8.912x10+°° 
9.203x10+°° 
9.606x10+°° 
9.866x10+°° 
1.004x10+°! 
1.016x10+°! 
1.031x10+°! 
1.039x10+°! 
1.041x10+°! 
1.042x10+°! 

(1.040x10+°!) 

(1.045x10+°!) 



1.37x10-°! 5. 

1.38x10"°! 5, 

1.36x10""! 6, 

1.33x10""! 6. 

1.24x10""! 9, 

1.12x10""! 1. 

1.02x10"°! 9. 

9.23x10""^ 9, 

8.54xl0"°2 1. 

7.44xl0-°2 2. 

6.75xl0-°2 3. 

6.22x10"°^ 3. 

5.78xl0-°2 3. 

5.12x10"°^ 3. 

4.68x10"°^ 2. 

4.42x10"°^ 2. 

4.30x10"°^ 1. 

4.31x10"°^ 1. 

4.48x10"°^ 1. 

4.69x10-°^ 2. 

4.89x10"°^ 2. 
(5.06xl0-°2) 
(5.06xl0-°2) 



69x10"°! 
66x10"°! 
02x10"°! 
74x10"°! 
37x10"°! 
08x10+°° 
64x10"°! 
51x10"°! 
31x10+°° 
68x10+°° 
37x10+°° 
62x10+°° 
58x10+°° 
51x10+°° 
99x10+°° 
34x10+°° 
95x10+°° 
67x10+°° 
82x10+°° 
22x10+°° 
63x10+°° 



Comments: The same input information as in Iliadis et al. [131] is used for the calcu- 
lation of the reaction rates. In total, 46 narrow resonances in the range of E^™=17-1937 
keV are taken into account. The direct capture S-factor is adopted from Rolfs et al. [202]. 
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T9 = 0.1 




0.00010 0.00020 0.00030 




150 200 250 300 350 

Reaction rate (> 




° 1200 1400 1600 1800 2000 

1^ mol"^ s"^) 
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Table B.20: Total thermonuclear reaction rates for ^^Ne(p,7)^^Na. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


4.05x10" 


25 


6.67x10 


-25 


1.08x10 


-24 


-5.567x10+°^ 


4.80x10" 


-01 


5.22x10"°! 


0.011 


1.54x10" 


23 


2.42x10 


-23 


3.77x10 


-23 


-5.208x10+°^ 


4.39x10" 


-01 


6.15x10"°! 


0.012 


3.15x10" 


22 


4.76x10 


-22 


7.28x10 


-22 


-4.910x10+°! 


4.12x10" 


-01 


7.26x10"°! 


0.013 


3.97x10" 


21 


5.85x10 


-21 


8.79x10 


-21 


-4.658x10+°! 


3.95x10" 


-01 


8.32x10"°! 


0.014 


3.44x10" 


20 


5.02x10 


-20 


7.47x10 


-20 


-4.444x10+°! 


3.85x10" 


-01 


8.50x10"°! 


0.015 


2.20x10" 


19 


3.19x10 


-19 


4.76x10 


-19 


-4.258x10+°! 


3.80x10" 


-01 


8.60x10"°! 


0.016 


1.11x10" 


18 


1.60x10 


-18 


2.39x10 


-18 


-4.097x10+°! 


3.79x10" 


-01 


7.64x10"°! 


0.018 


1.60x10" 


17 


2.33x10 


-17 


3.49x10 


-17 


-3.829x10+°! 


3.85x10" 


-01 


5.69x10"°! 


0.020 


1.33x10" 


16 


1.96x10 


-16 


2.93x10 


-16 


-3.617x10+°! 


3.95x10" 


-01 


4.96x10"°! 


0.025 


5.62x10" 


15 


8.57x10 


-15 


1.32x10 


-14 


-3.239x10+°! 


4.25x10" 


-01 


5.54x10"°! 


0.030 


6.45x10" 


14 


1.01x10 


-13 


1.60x10 


-13 


-2.992x10+°! 


4.52x10" 


-01 


6.29x10"°! 


0.040 


1.24x10" 


12 


2.02x10 


-12 


3.34x10 


-12 


-2.693x10+°! 


4.91x10" 


-01 


5.49x10"°! 


0.050 


6.89x10" 


12 


1.15x10 


-11 


1.94x10 


-11 


-2.519x10+°! 


5.11x10" 


-01 


5.24x10"°! 


0.060 


2.26x10" 


11 


3.71x10" 


-11 


6.23x10 


-11 


-2.401x10+°! 


4.98x10" 


-01 


9.03x10"°! 


0.070 


7.04x10" 


11 


1.05x10" 


-10 


1.63x10 


-10 


-2.296x10+°! 


4.14x10" 


-01 


4.17x10+°° 


0.080 


2.84x10" 


10 


3.84x10 


-10 


5.16x10 


-10 


-2.168x10+°! 


3.05x10" 


-01 


6.09x10"°! 


0.090 


1.29x10" 


09 


1.89x10 


-09 


2.64x10 


-09 


-2.010x10+°! 


3.39x10" 


-01 


1.11x10+°! 


0.100 


5.55x10" 


09 


9.18x10 


-09 


1.58x10 


-08 


-1.850x10+°! 


4.68x10" 


-01 


3.02x10+°! 


0.110 


2.05x10" 


08 


3.91x10 


-08 


7.72x10 


-08 


-1.705x10+°! 


5.79x10" 


-01 


5.00x10+°! 


0.120 


6.42x10" 


08 


1.43x10 


-07 


3.02x10 


-07 


-1.579x10+°! 


6.70x10" 


-01 


6.18x10+°! 


0.130 


1.76x10" 


07 


4.34x10 


-07 


9.64x10 


-07 


-1.470x10+°! 


7.34x10" 


-01 


6.99x10+°! 


0.140 


4.32x10" 


07 


1.15x10 


-06 


2.64x10 


-06 


-1.374x10+°! 


7.77x10" 


-01 


7.44x10+°! 


0.150 


9.47x10" 


07 


2.69x10 


-06 


6.29x10 


-06 


-1.290x10+°! 


8.06x10" 


-01 


7.65x10+°! 


0.160 


1.95x10" 


06 


5.67x10 


-06 


1.33x10 


-05 


-1.216x10+"! 


8.22x10" 


-01 


8.09x10+°! 


0.180 


7.22x10" 


06 


2.04x10 


-05 


4.71x10 


-05 


-1.088x10+"! 


8.02x10" 


-01 


7.97x10+°! 


0.200 


2.56x10" 


05 


6.06x10 


-05 


1.33x10 


-04 


-9.743x10+"° 


7.03x10" 


-01 


7.80x10+°! 


0.250 


8.28x10" 


04 


1.07x10 


-03 


1.46x10 


-03 


-6.826x10+"° 


2.57x10" 


-01 


2.49x10+"! 


0.300 


1.49x10" 


02 


1.72x10 


-02 


1.98x10 


-02 


-4.063x10+°° 


1.49x10" 


-01 


7.08x10"°! 



110 



Table B.20 - continued 



T (GK) Low rate Median rate High rate lognormal fi lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



1.28x10""! 
6.66x10-"! 
2.42x10+°" 
6.86x10+°" 
3.34x10+"! 
1.06x10+"^ 
2.59xl0+"2 
5.28xl0+"2 
9.44xl0+°2 
2.79xl0+°3 
5.90xl0+°3 
1.02x10+°^ 
1.56x10+°'' 
2.84x10+°^ 
4.23x10+°^ 
5.59x10+°^ 
6.85x10+°^ 
(9.19x10+°^) 
(1.13x10+°^) 
(1.30x10+°^) 
(1.45x10+°^) 
(1.56x10+°^) 
(1.65x10+°^) 



1.49x10-°! 
7.72x10-°! 
2.80x10+°" 
7.89x10+"" 
3.80x10+°! 
1.19xl0+"2 
2.87xl0+"2 
5.80xl0+°2 
1.03x10+°^ 
3.03xl0+°3 
6.41xl0+°3 
1.11x10+°* 
1.70x10+°"^ 
3.09x10+°* 
4.59x10+°* 
6.05x10+°* 
7.37x10+°* 
(9.98x10+°*) 
(1.23xl0+°5) 
(1.41x10+°^) 
(1.57xl0+°5) 
(1.70xl0+°5) 
(1.80x10+°^) 



1.72x10-°! 
8.96x10-°! 
3.24x10+"° 
9.10x10+"° 
4.33x10+"! 
1.35xl0+"2 
3.21xl0+"2 
6.40xl0+"2 
1.13x10+"^ 
3.30xl0+"3 
7.00xlO+"3 
1.22x10+°* 
1.87x10+°^ 
3.40x10+°* 
5.04x10+°* 
6.62x10+°* 
8.04x10+°* 
(1.08x10+°^) 
(1.33x10+°^) 
(1.53x10+°^) 
(1.71x10+°^) 
(1.84x10+°^) 
(1.95x10+°^) 



-1.906x10+"° 

-2.592x10-°! 
1.030x10+"" 
2.067x10+"" 
3.639x10+"" 
4.784x10+"" 
5.663x10+"" 
6.365x10+"" 
6.940x10+"" 
8.017x10+°° 
8.768x10+°° 
9.322x10+°° 
9.744x10+°° 
1.034x10+°! 
1.074x10+°! 
1.102x10+°! 
1.121x10+°! 

(1.151x10+°!) 

(1.172x10+°!) 

(1.186x10+°!) 

(1.197x10+°!) 

(1.204x10+°!) 

(1.210x10+°!) 



1.51x10-"! 5. 

1.52x10-"! 7, 

1.50x10-"! 9, 

1.45x10-"! 1, 

1.33x10-"! 1, 

1.20x10-"! 2, 

1.08x10-"! 2. 

9.88xl0-"2 1. 

9.21xl0-°2 8. 

8.57xl0-°2 6. 

8.75xl0-°2 1. 

9.05x10"°^ 3. 

9.25xl0-°2 4. 

9.27xl0-°2 5. 

8.98x10"°^ 6. 

8.62x10"°^ 6. 

8.23x10"°^ 6. 
(8.20x10-°^) 
(8.20x10-°^) 
(8.20x10-°^) 
(8.20x10-°^) 
(8.20x10-°^) 
(8.20x10-°^) 



63x10-°! 
32x10-°! 
52x10-°! 
25x10+°° 
78x10+"° 
13x10+°° 
10x10+°° 
51x10+°° 
75x10"°! 
89x10"°! 
82x10+°° 
46x10+°° 
72x10+°° 
74x10+°° 
67x10+°° 
38x10+°° 
56x10+°° 



Comments: In total, 55 resonances with energies of £^"^=28-1822 keV are taken into 
account. Above EJ;™ = 400 keV, the resonance strengths are adopted from Ref. [78], 
which have been normalized relative to the strength of the EJi™ = 1222 keV resonance 
{coj = 10.5 ± 1.0 eV [141]). The direct capture S-factor is adopted from Ref. [103], with 
an estimated uncertainty of ±40% [113]. Our treatment of the threshold states differs 
in two main respects from the analysis of Hale et al. [113]. First, for the E^"* = 151 
keV resonance, we consider the spectroscopic factor of C^Se^s = 0.0011 as a mean value 
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rather than an upper hmit, in agreement with the original interpretation in Hale's Ph.D. 
thesis. Second, we entirely disregard the levels at = 8862,8894 and 9000 keV that 
were reported by Powers et al. [189], who concluded that the existence of these states 
should be considered as tentative. These levels should have been populated in the much 
more sensitive study of Ref. [113], but no evidence for their existence was seen. 
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■Ne(p, y)^^Na 




113 



Table B.21: Total thermonuclear reaction rates for ^^Ne(a,7)^^Mg. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal fj, 


lognormal a 


A-D 


0.010 


3.42x10" 


-78 


8.27x10" 


-78 


1.98x10" 


-77 


-1.775x10"^°^ 


8.89x10"°! 


5.21x10"°! 


0.011 


1.26x10" 


-74 


2.79x10" 


-74 


6.00x10" 


-74 


-1.694x10"^°^ 


7.93x10"°! 


3.23x10"°! 


0.012 


1.14x10" 


-71 


2.39x10" 


-71 


4.92x10" 


-71 


-1.626x10"^°^ 


7.35x10"°! 


1.71x10"°! 


0.013 


3.54x10" 


-69 


7.10x10" 


-69 


1.43x10" 


-68 


-1.569x10"^°^ 


7.08x10"°! 


1.07x10"°! 


0.014 


4.70x10" 


-67 


9.45x10" 


-67 


1.89x10" 


-66 


-1.520x10"^°^ 


7.02x10"°! 


1.62x10"°! 


0.015 


3.16x10" 


-65 


6.45x10" 


-65 


1.30x10" 


-64 


-1.478x10"^°^ 


7.11x10"°! 


2.23x10"°! 


0.016 


1.25x10" 


-63 


2.60x10" 


-63 


5.30x10" 


-63 


-1.441 xlO"^°2 


7.28x10"°! 


1.93x10"°! 


0.018 


5.49x10" 


-61 


1.21x10" 


-60 


2.60x10" 


-60 


-1.380x10"^°^ 


7.75x10"°! 


2.37x10"°! 


0.020 


6.98x10" 


-59 


1.61x10" 


-58 


3.64x10" 


-58 


-1.331 xlO"^°2 


8.27x10"°! 


3.19x10"°! 


0.025 


5.95x10" 


-55 


1.26x10" 


-54 


2.85x10" 


-54 


-1.241 xlO"^°2 


7.88x10"°! 


3.13x10+°° 


0.030 


2.17x10" 


-50 


2.16x10" 


-49 


7.85x10" 


-49 


-1.125x10"^°^ 


1.77x10+°° 


1.17x10+°^ 


0.040 


1.44x10" 


-42 


1.48x10" 


-41 


5.41x10" 


-41 


-9.454x10"^°^ 


2.04x10+°° 


1.52x10+°^ 


0.050 


6.70x10" 


-38 


6.92x10" 


-37 


2.53x10" 


-36 


-8.379x10"^°^ 


2.05x10+°° 


1.54xl0+°2 


0.060 


8.50x10" 


-35 


8.57x10" 


-34 


3.11x10" 


-33 


-7.662x10"^°^ 


1.91x10+°° 


1.32x10+°^ 


0.070 


2.55x10" 


-32 


1.48x10" 


-31 


5.00x10" 


-31 


-7.126x10"^°^ 


1.49x10+°° 


7.27x10+°! 


0.080 


4.17x10" 


-30 


1.62x10" 


-29 


3.58x10" 


-29 


-6.656x10"^°^ 


1.22x10+°° 


9.23x10+°! 


0.090 


2.52x10" 


-28 


1.12x10" 


-27 


4.13x10" 


-27 


-6.218x10"^°^ 


1.46x10+°° 


2.28x10+°! 


0.100 


7.53x10" 


-27 


6.04x10" 


-26 


2.53x10" 


-25 


-5.834x10"^°^ 


1.75x10+°° 


4.36x10+°! 


0.110 


1.75x10" 


-25 


1.75x10" 


-24 


7.43x10" 


-24 


-5.507x10"^°^ 


1.93x10+°° 


7.20x10+°! 


0.120 


2.80x10" 


-24 


2.89x10" 


-23 


1.23x10" 


-22 


-5.230x10"^°^ 


1.98x10+°° 


8.51x10+°! 


0.130 


3.09x10" 


-23 


3.08x10" 


-22 


1.32x10" 


-21 


-4.990x10"^°^ 


1.92x10+°° 


7.51x10+°! 


0.140 


2.79x10" 


-22 


2.36x10" 


-21 


9.94x10" 


-21 


-4.778x10+°! 


1.76x10+°° 


4.96x10+°! 


0.150 


2.41x10" 


-21 


1.42x10" 


-20 


5.78x10" 


-20 


-4.586 xl0+"i 


1.54x10+°° 


2.44x10+°! 


0.160 


1.88x10" 


-20 


7.64x10" 


-20 


2.75x10" 


-19 


-4.409x10+°! 


1.32x10+°° 


9.99x10+°" 


0.180 


7.23x10" 


-19 


2.04x10" 


-18 


4.90x10" 


-18 


-4.081x10+°! 


9.72x10"°! 


1.28x10+°! 


0.200 


1.60x10" 


-17 


4.01x10" 


-17 


8.81x10" 


-17 


-3.781x10+°! 


8.41x10"°! 


7.01x10+°° 


0.250 


1.02x10" 


-14 


1.98x10" 


-14 


4.20x10" 


-14 


-3.152x10+°! 


6.98x10"°! 


4.14x10+°° 


0.300 


1.18x10" 


-12 


1.98x10" 


-12 


3.41x10" 


-12 


-2.694x10+°! 


5.43x10"°! 


1.69x10+°° 
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Table B.21 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



3.72x10-" 
4.96x10^1° 
3.71x10-"^ 
1.86x10-"* 
2.19x10-"^ 

1.48x10-"^' 
7.76xl0-"6 
3.35xl0-"5 

1.19x10-""* 
1.43xl0-"3 
(9.76xl0-"3 
(5.08xl0-°2 
(2.02x10-"^ 
(1.72x10+°° 
(8.36x10+°° 
(2.82x10+°^ 
(7.43x10+°^ 
(3.17x10+°^ 
(8.97xl0+°2 
(1.96x10+°^ 
(3.61x10+°^ 
(5.85x10+°^ 
(8.74x10+°^ 



5.96x10-" 
7.92x10-1" 
5.99x10-"^ 
3.01x10-°*^ 
3.47x10"°^ 
2.21x10-°*^ 
1.07x10-°^ 
4.43x10"°^ 
1.57x10"°^ 
1.93xl0-°3 
(1.34xl0-"2 
(6.99xl0-°2 
(2.78x10""^ 
(2.36x10+°° 
(1.15x10+°! 
(3.88x10+°! 
(1.02xl0+"2 
(4.37xl0+"2 
(1.23xl0+"3 
(2.70xl0+"3 
(4.97xl0+°3 
(8.06xl0+°3 
(1.20x10+°-* 



9.21x10-" 
1.18x10-"'' 
8.72x10-"'' 
4.39x10-"* 
5.00x10-"^ 
3.06x10-"^ 
1.42x10-"^ 
5.88x10-"-'^ 
2.14x10-"'' 
2.70xl0-"3 
1.85xl0-"2) 
9.62xl0-"2) 
;3.83xl0-"!) 
;3.26xl0+"") 
1.58x10+"!) 
5.34x10+"!) 
1.41xl0+"2) 
;6.01xl0+"2) 
1.70xl0+"3) 
3.71xl0+"3) 
6.84xl0+"3) 
l.llxlO+"4) 
1.66x10+"^) 



-2.356x10+"! 
-2.099x10+"! 
-1.898x10+"! 
-1.736x10+"! 
-1.492x10+"! 
-1.306x10+"! 
-1.146x10+"! 
-1.002x10+"! 
-8.741x10+"" 
-6.228x10+°° 
(-4.310x10+°°) 
(-2.661x10+°°) 
(-1.279x10+°°) 
(8.607x10-°!) 
(2.443x10+°°) 
(3.658x10+°°) 
(4.627x10+°°) 
(6.080x10+°°) 
(7.118x10+°°) 
(7.900x10+°°) 
(8.511x10+°°) 
(8.994x10+°°) 
(9.395x10+°°) 



4.68x10-"! 

4.41x10-"! 

4.34x10-"! 

4.32x10-"! 

4.16x10-"! 

3.63x10-"! 

3.07x10-°! 

2.91x10-°! 

3.02x10-°! 

3.20x10"°! 

3.19x10"°!) 

3.19x10"°!) 

3.19x10"°!) 

3.19x10"°!) 

3.19x10"°!) 

3.19x10"°!) 

3.19x10"°!) 

3.19x10"°!) 

3.19x10"°!) 

3.19x10"°!) 

3.19x10"°!) 

3.19x10"°!) 

3.19x10"°!) 



3.81x10+°° 
1.04x10+°! 
1.52x10+°! 
1.75x10+°! 
1.72x10+°! 
1.12x10+°! 
4.21x10+°° 
1.38x10+°° 
7.00x10+°° 
9.44x10+°° 



Comments: In total, 40 resonances below E^™ = 1728 keV are taken into account. Of 
these, 10 have been directly measured by Wolke et al. [255]. Another 7 resonances have 
measured strengths in the competing (a,n) reaction [134]. Most of these rate contributions 
are integrated numerically, with and r„ computed from results presented in Refs. 
[134,72] assuming r„ >• Fa and an average 7-ray partial width of F.^ = 3 eV. One more 
level has been observed below the neutron threshold by Gicscn et al. [100] at EJ;™ = 78 
keV ( J'^ = 4+). In addition, there are upper limit contributions from 22 states, 18 of 
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Ne(a, y) Mg 




0.01 0.10 1.00 



Temperature (GK) 

which have been estimated indirectly. For these levels, upper limits of Fq, arc obtained 
from the excitation function shown in Ref. [255], with F„ and Vj adopted from Koehler 
[144]. The remaining 4 upper limit contributions are obtained from Ugalde et al. [240]. 
Results from a (7,7) experiment [153] unambiguously determine the J'^ values of the 
EJ;™ = 191 and 334 keV resonances, and also show that the level corresponding to a 
previously assumed E^"** = 630 keV resonance has in fact unnatural parity. Furthermore, 
according to Ref. [153], a doublet exists near 330 keV and, consequently, we apply the 
spectroscopic factor upper limit from Ref. [240] to both states. 
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Table B.22: Total thermonuclear reaction rates for ^^Ne(a,n)^^Mg. 



T (GK) Low rate 



Median rate 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
3.62x10"^^ 
1.05x10"^^ 
2.15x10"^^ 
3.52x10"^^ 
2.73x10-^1 
8.00x10"^^ 
2.62x10-33 
1.81x10-30 
3.94x10-28 
3.60x10-26 

1.71x10-24 
4.97x10-23 
9.76x10-22 
1.42x10-20 
1.54x10-18 
8.44x10-1^ 
1.63x10-13 

2.73x10-11 



High rate lognormal jj. lognormal a A-D 



0.010 
0.011 
0.012 
0.013 
0.014 
0.015 
0.016 
0.018 
0.020 
0.025 
0.030 
0.040 
0.050 
0.060 
0.070 
0.080 
0.090 
0.100 
0.110 
0.120 
0.130 
0.140 
0.150 
0.160 
0.180 
0.200 
0.250 
0.300 



0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
5.84x10-89 
1.53 xlO-'^^ 

3.12x10-^6 
5.73x10-48 

5.73x10-42 

2.14x10-37 

8.37x10-34 

6.57x10-31 

1.56x10-28 

1.52x10-26 

7.54x10-25 

2.27x10-23 

4.72x10-22 

7.59x10-21 

1.06x10-18 

6.83x10-17 

1.46x10-13 

2.49x10-11 



0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
9.96x10-88 
2.91x10-67 
5.97x10-55 
9.66x10-47 
7.06x10-41 
1.84x10-36 
5.33x10-33 
3.38x10-30 
7.46x10-28 
7.28x10-26 
3.63x10-24 
1.06x10-22 
2.04x10-21 
2.79x10-20 
2.51x10-18 
1.14x10-16 
1.83x10-13 
3.01x10-11 



0.000x10+00 
0.000x10+00 
0.000x10+00 
0.000x10+00 
0.000x10+00 
0.000x10+00 
0.000x10+00 
0.000x10+00 
0.000x10+00 
0.000x10+00 
-2.017x10+02 
-1.546x10+02 
-1.262x10+02 
-1.073x10+02 
-9.366x10+01 
-8.334x10+01 
-7.522x10+01 
-6.865x10+01 
-6.322x10+01 
-5.866x10+01 
-5.476x10+01 
-5.137x10+01 
-4.837x10+01 
-4.567x10+01 
-4.096x10+01 
-3.697x10+01 
-2.944x10+01 
-2.432x10+01 



0.00x10+00 
0.00x10+0° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
1.37x10+0° 
1.43x10+0° 
1.44x10+0° 
1.37x10+0° 
1.23x10+0° 
1.07x10+0° 
9.47x10-01 
8.76x10-01 
8.45x10-01 
8.32x10-01 
8.18x10-01 
7.85x10-01 
7.24x10-01 
6.37x10-01 
4.36x10-01 
2.74x10-01 
1.16x10-01 
9.55x10-02 



0.00x10+00 
0.00x10+00 
0.00x10+0° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
0.00x10+°° 
1.21x10+02 
1.30x10+02 
1.31x10+02 
1.21x10+02 
1.04x10+02 
9.16x10+01 
7.89x10+01 
5.73x10+01 
3.52x10+01 
1.83x10+01 
6.87x10+0° 
9.26x10-°! 
1.28x10+0° 
9.27x10+0° 
4.10x10+01 
5.61x10+01 
3.32x10+0° 
2.66xl0-°i 
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Table B.22 - continued 



T (GK) Low rate Median rate High rate lognornial fi lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



9.67x10-1° 
1.51x10-"* 
1.32x10-"^ 
8.06x10-"^ 
1.85x10-°^ 
2.83x10""'' 
2.76xl0-"3 
1.79xl0-"2 
8.36x10""^ 
1.51x10+°" 
(1.33x10+°! 
(8.16x10+°^ 
(3.55xl0+°2 
(3.33x10+°^ 
(1.71x10+°^ 
(6.03x10+°^ 
(1.65x10+°^ 
(7.41x10+°^ 
(2.19x10+°^ 
(4.94x10+°*^ 
(9.36x10+°'' 
(1.56x10+°^ 
(2.39x10+°'^ 



1.06x10-°^ 
1.65x10"°* 
1.43x10"°^ 
8.67x10"°^ 
1.92x10"°^ 
2.91x10"°'^ 
2.84xl0-°3 
1.85xl0-°2 
8.68xl0-°2 
1.59x10+°" 
(1.41x10+°! 
(8.67x10+°^ 
(3.78xl0+°2 
(3.53x10+°^ 
(1.82x10+°* 
(6.41x10+°* 
(1.75x10+°^ 
(7.87x10+°^ 
(2.33x10+°^ 
(5.25x10+°^ 
(9.94x10+°*^ 
(1.65x10+°^ 
(2.54x10+°^ 



1.16x10"°'^ 
1.80x10"°* 
1.56x10"°^ 
9.35x10"°^ 
2.01x10-°-^ 
3.00x10"°'^ 
2.93xl0-°3 
1.91xl0-°2 
9.01xl0"°2 
1.68x10+"° 
(1.50x10+°! 
(9.21x10+°! 
(4.01xl0+°2 
(3.76xl0+°3 
(1.93x10+°'! 
(6.81x10+°'' 
(1.86x10+°^ 
(8.36x10+°^ 
(2.48xl0+°6 
(5.58xl0+°6 
(1.06x10+°^ 
(1.76x10+°^ 
(2.70x10+°^ 



-2.067x10+"! 
-1.792x10+"! 
-1.576x10+"! 
-1.396x10+"! 
-1.086x10+"! 
-8.141x10+"° 
-5.862x10+"° 
-3.992x10+"° 
-2.444x10+"° 
4.664x10"°! 
(2.648x10+"° 
(4.463x10+°° 
(5.934x10+"° 
(8.170x10+0° 
(9.807x10+0° 
(1.107x10+0! 
(1.207x10+0! 
(1.358x10+0! 
(1.466x10+0! 
(1.547x10+0! 
(1.611x10+0! 
(1.662x10+0! 
(1.705x10+0! 



9.17xl0-"2 1 
8.87xl0""2 1 
8.33xl0-"2 3 
7.32xl0-"2 6 
4.31xl0""2 1 
3.00x10""^ 8 
3.08xl0-"2 6 
3.37xl0-"2 3 
3.80x10""^ 5 
5.39x10-02 1 
(6.07xl0-°2) 
(6.07x10-02) 
(6.07x10-02) 
(6.07x10-02) 
(6.07x10-02) 
(6.07x10-02) 
(6.07x10-02) 
(6.07x10-02) 
(6.07x10-02) 
(6.07x10-02) 
(6.07x10-02) 
(6.07x10-02) 
(6.07x10-02) 



.36x10-°! 
.92x10"°! 
.47x10-°! 
.40x10-°! 
.65x10+"° 
.96x10-°! 
.35x10-°! 
.80x10-°! 
.27x10-°! 
.33x10+°° 



Comments: In total, 41 resonances between the neutron threshold at 479 keV and 
gem _ ]^937 ]jeY are taken into account. Of these, 22 have been directly measured 
by Refs. [255,117,72,134]. Those studies were performed in the same laboratory with 
continuing improvements on the target and detection systems. Thus we assume that the 
most recent work [134] supersedes the other three studies. For resonances beyond the 
energy range covered by Jaeger et al., the results of Ref. [72] are adopted. Neutron and 
7-ray partial widths are obtained from Koehler [144] when available. For all other wide 
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resonances an average value of F-^ = 3 eV is used for the 7-ray partial width. Of the 
remaining resonances, only upper limits for Pq, are available. The values are adopted 
from Ref. [134], except for the EJ;™ = 497 keV resonance, for which the results of the 
^^Nc(^Li,d)^^Mg measurement by Ugalde ct al. [240] arc used. Since this study was 
performed at one angle only, we interpret the reported spectroscopic factor as an upper 
limit rather than a mean value. Results from a (7,7) experiment [153] demonstrated that 
the level corresponding to a previously assumed E^"*" = 630 keV resonance has in fact 
unnatural parity. 
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Table B.23: Total thermonuclear reaction rates for ^^Na(p,7)^^Mg. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal /i 


lognormal u 


A-D 




0.010 


2.99x10" 


-33 


4.39x10 


-33 


6.43x10 


-33 


-7.451x10+°^ 


3.88x10" 


-01 


3.48x10 


-01 


0.011 


5.70x10- 


-32 


8.33x10 


-32 


1.22x10 


-31 


-7.156x10+°! 


3.83x10" 


-01 


1.04x10 


-01 


0.012 


7.71x10" 


-31 


1.13x10 


-30 


1.65x10 


-30 


-6.896x10+°! 


3.85x10" 


-01 


7.28x10 


-01 


0.013 


7.98x10- 


-30 


1.17x10 


-29 


1.70x10 


-29 


-6.662x10+°! 


3.82x10" 


-01 


4.22x10 


-01 


0.014 


6.45x10" 


-29 


9.42x10 


-29 


1.39x10 


-28 


-6.453x10+°! 


3.84x10" 


-01 


2.53x10 


-01 


0.015 


4.37x10" 


-28 


6.43x10 


-28 


9.49x10 


-28 


-6.261x10+°! 


3.90x10" 


-01 


2.69x10 


-01 


0.016 


2.52x10" 


-27 


3.69x10 


-27 


5.38x10 


-27 


-6.087x10+°! 


3.84x10" 


-01 


3.89x10 


-01 


0.018 


5.53x10" 


-26 


8.02x10 


-26 


1.18x10 


-25 


-5.778x10+°! 


3.85x10" 


-01 


6.59x10 


-01 


0.020 


7.90x10" 


-25 


1.15x10 


-24 


1.69x10 


-24 


-5.512x10+°! 


3.83x10" 


-01 


2.35x10 


-01 


0.025 


1.61x10" 


-22 


2.36x10 


-22 


3.46x10 


-22 


-4.980x10+°! 


3.85x10" 


-01 


1.25x10 


-01 


0.030 


9.38x10" 


-21 


1.38x10 


-20 


2.02x10 


-20 


-4.573x10+°! 


3.84x10" 


-01 


5.61x10 


-01 


0.040 


3.41x10" 


-18 


5.02x10 


-18 


7.40x10 


-18 


-3.983x10+°! 


3.87x10" 


-01 


2.55x10 


-01 


0.050 


2.55x10" 


-16 


3.62x10 


-16 


5.15x10 


-16 


-3.555x10+°! 


3.54x10" 


-01 


1.54x10+°° 


0.060 


5.43x10" 


-14 


6.62x10 


-14 


8.04x10 


-14 


-3.035x10+°! 


1.98x10" 


-01 


5.52x10 


-01 


0.070 


1.09x10" 


-11 


1.35x10 


-11 


1.66x10 


-11 


-2.503x10+°! 


2.12x10" 


-01 


3.61x10 


-01 


0.080 


6.31x10" 


-10 


7.77x10 


-10 


9.57x10 


-10 


-2.097x10+°! 


2.10x10" 


-01 


3.13x10 


-01 


0.090 


1.46x10" 


-08 


1.79x10 


-08 


2.20x10 


-08 


-1.784x10+°! 


2.08x10" 


-01 


2.84x10 


-01 


0.100 


1.77x10" 


-07 


2.17x10 


-07 


2.66x10 


-07 


-1.534x10+°! 


2.06x10" 


-01 


2.69x10 


-01 


0.110 


1.34x10" 


-06 


1.65x10 


-06 


2.02x10 


-06 


-1.332x10+°! 


2.05x10" 


-01 


2.53x10 


-01 


0.120 


7.20x10" 


-06 


8.83x10 


-06 


1.08x10 


-05 


-1.164x10+°! 


2.03x10" 


-01 


2.51x10 


-01 


0.130 


2.95x10" 


-05 


3.62x10 


-05 


4.42x10 


-05 


-1.023x10+°! 


2.03x10" 


-01 


2.43x10 


-01 


0.140 


9.81x10" 


-05 


1.20x10 


-04 


1.47x10 


-04 


-9.027x10+°° 


2.02x10" 


-01 


2.39x10 


-01 


0.150 


2.76x10" 


-04 


3.38x10 


-04 


4.12x10 


-04 


-7.994x10+°° 


2.02x10" 


-01 


2.36x10 


-01 


0.160 


6.78x10" 


-04 


8.29x10 


-04 


1.01x10 


-03 


-7.096x10+°° 


2.01x10" 


-01 


2.35x10 


-01 


0.180 


2.98x10" 


-03 


3.65x10 


-03 


4.44x10 


-03 


-5.615x10+°° 


2.00x10" 


-01 


2.36x10 


-01 


0.200 


9.60x10" 


-03 


1.17x10 


-02 


1.43x10 


-02 


-4.447x10+°° 


2.00x10" 


-01 


2.29x10 


-01 


0.250 


7.49x10" 


-02 


9.13x10 


-02 


1.11x10 


-01 


-2.394x10+°° 


1.99x10" 


-01 


2.11x10 


-01 


0.300 


2.80x10" 


-01 


3.41x10 


-01 


4.15x10 


-01 


-1.076x10+°° 


1.99x10" 


-01 


1.95x10 


-01 
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Table B.23 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



6.92x10-"^ 
1.33x10+°° 
2.17x10+°" 
3.17x10+°" 
5.53x10+°° 
8.46x10+°" 
1.26x10+°! 
1.93x10+°! 
2.99x10+°! 
8.25x10+°! 
1.81xl0+°2 
3.23xl0+°2 

4.97x10+°^ 
8.86xl0+°2 

1.26x10+°^ 
1.57x10+°^ 
1.81x10+°^ 
2.10x10+°^ 
2.21x10+°^ 
2.21x10+°^ 
2.16x10+°^ 
2.08x10+°^ 
1.99x10+°^ 



8.44x10-°! 
1.62x10+°° 
2.64x10+°" 
3.86x10+°" 
6.68x10+°" 
1.01x10+°! 
1.47x10+°! 
2.17x10+°! 

(3.28x10+°! 

(8.86x10+°! 

(1.94xl0+°2 

(3.48xl0+°2 

(5.38x10+°^ 
(9.61xl0+°2 

(1.36x10+°^ 
(1.70x10+°^ 
(1.96x10+°^ 
(2.28x10+°^ 
(2.40x10+°^ 
(2.41x10+°^ 
(2.35xl0+°3 
(2.26xl0+°3 
(2.16x10+°^ 



1.03x10+"° 
1.97x10+"° 
3.22x10+"° 
4.69x10+"° 
8.09x10+"° 
1.21x10+"! 
1.71x10+"! 
2.46x10+"! 
(3.63x10+"! 
(9.53x10+°! 
(2.09xl0+°2 
(3.77xl0+"2 
(5.83xl0+°2 
(1.04xl0+"3 
(1.48xl0+°3 
(1.85xl0+"3 
(2.13x10+°^ 
(2.48xl0+°3 
(2.61xl0+°3 
(2.62xl0+°3 
(2.56xl0+°3 
(2.46xl0+°3 
(2.35xl0+°3 



-1.705x10""! 
4.828x10"°! 
9.718x10"°! 
1.350x10+"" 
1.900x10+"" 
2.311x10+"" 
2.688x10+"" 
3.081x10+"° 
;3.49xl0+"") 
;4.48xl0+°°) 
5.27x10+°°) 
5.85x10+°") 
6.29x10+°°) 
;6. 87x10+°") 
7.22x10+°°) 
7.44x10+°") 
7.58x10+°°) 
7.73x10+°°) 
7.78x10+°°) 
79x10+°°) 
76x10+°°) 
7.72x10+°°) 
7.68x10+°°) 



1.99x10""! 1 

1.98x10""! 1 

1.98x10""! 1 

1.96x10""! 1 

1.91x10""! 3 

1.77x10""! 1 

1.53x10""! 4 

1.24x10""! 8 

9.75xl0""2) 

7.29xlO-°2) 

7.47xl0-°2) 

7.81xl0-°2) 

;8.02xl0-°2) 

8.21xl0-°2) 

8.29xl0-°2) 

8.33x10-02) 

8.35xl0-°2) 

8.40xl0-°2) 

8.44xl0-°2) 

8.47xl0-°2) 

8.49x10"°^) 

8.51x10-°^) 

;8.52xl0-°2) 



.84x10"°! 
.81x10"°! 
.83x10"°! 
.96x10"°! 
.40x10"°! 
.19x10+"° 
.01x10+"° 
.38x10+"° 



Comments: The value of Qp-y=5504.18±0.34 keV is obtained from the mass excesses 
reported by Mukherjee et al. [174]. The resonance energies are either calculated from 
excitation energies (Ruiz et al. [206]) or are directly adopted from experiment (D'Auria 
et al. [56]), depending on which procedure yielded a smaller uncertainty. In total, 6 narrow 
resonances in the range of E^"*=206-1101 keV are taken into account. The resonance at 
E5;™=329 keV, corresponding to a ^^Mg level at Ea,=5837 keV, has boon disregarded 
according to the suggestion of Seweryniak et al. [215]. The direct capture S-factor is 
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Na(p, y) Mg 




0.01 0.10 



Temperature (GK) 

adopted from Bateman et al. [22]. 
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Na(p, y)^^Mg 
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Table B.24: Total thermonuclear reaction rates for ^^Na(p,7)^^Mg. 



T (GK) Low rate Median rate High rate lognormal jj. lognormal a A-D 



0.010 


7.56x10" 


-31 


2.08x10" 


-30 


5.69x10" 


-30 


-6.836x10"^°^ 


1.01x10-^00 


9.83x10-01 


0.011 


7.27x10" 


-29 


1.70x10" 


-28 


3.95x10" 


-28 


-6.397x10^-°^ 


8.55x10" 


-01 


1.48x10^-00 


0.012 


3.17x10" 


-27 


6.53x10" 


-27 


1.33x10" 


-26 


-6.031x10^-01 


7.27x10" 


-01 


1.76x10^-00 


0.013 


7.64x10" 


-26 


1.42x10" 


-25 


2.60x10" 


-25 


-5.723 xl0-^°i 


6.25x10" 


-01 


1.90x10-^00 


0.014 


1.15x10" 


-24 


1.97x10" 


-24 


3.35x10" 


-24 


-5.459 xl0-^°i 


5.44x10" 


-01 


1.89x10-^00 


0.015 


1.19x10" 


-23 


1.91x10" 


-23 


3.04x10" 


-23 


-5.232x10^-01 


4.83x10" 


-01 


1.78x10^-00 


0.016 


9.06x10" 


-23 


1.39x10" 


-22 


2.12x10" 


-22 


-5.033 xl0-^°i 


4.38x10" 


-01 


1.41x10^-00 


0.018 


2.54x10" 


-21 


3.77x10" 


-21 


5.47x10" 


-21 


-4.703x10-^°! 


3.91x10" 


-01 


5.84x10-01 


0.020 


3.57x10" 


-20 


5.19x10" 


-20 


7.53x10" 


-20 


-4.441 xl0-^°i 


3.82x10" 


-01 


2.55x10-01 


0.025 


4.28x10" 


-18 


6.31x10" 


-18 


9.35x10" 


-18 


-3.960 xl0-^°i 


3.95x10" 


-01 


3.95x10-01 


0.030 


1.57x10" 


-16 


2.20x10" 


-16 


3.16x10" 


-16 


-3.605 xl0-^°i 


3.53x10" 


-01 


6.49x10-01 


0.040 


3.12x10" 


-14 


4.43x10" 


-14 


6.29x10" 


-14 


-3.075 xl0-^°i 


3.57x10" 


-01 


4.06x10-01 


0.050 


8.80x10" 


-13 


1.37x10" 


-12 


2.12x10" 


-12 


-2.732 xl0-^°i 


4.49x10" 


-01 


3.50x10-01 


0.060 


8.52x10" 


-12 


1.42x10" 


-11 


2.34x10" 


-11 


-2.498 xl0-^°i 


5.08x10" 


-01 


7.01x10-01 


0.070 


8.82x10" 


-11 


1.52x10" 


-10 


2.85x10" 


-10 


-2.257x10-^°^ 


5.77x10" 


-01 


5.78x10-^00 


0.080 


1.82x10" 


-09 


3.41x10" 


-09 


8.48x10" 


-09 


-1.939x10-^°! 


7.28x10" 


-01 


4.07x10-^01 


0.090 


3.50x10" 


-08 


6.36x10" 


-08 


1.52x10" 


-07 


-1.646x10^-01 


6.99x10" 


-01 


3.96x10^-01 


0.100 


4.08x10" 


-07 


6.93x10" 


-07 


1.56x10" 


-06 


-1.407x10-^°^ 


6.46x10" 


-01 


4.09x10-^01 


0.110 


3.05x10" 


-06 


4.94x10" 


-06 


1.03x10" 


-05 


-1.212x10^-01 


5.99x10" 


-01 


4.23x10^-01 


0.120 


1.62x10" 


-05 


2.52x10" 


-05 


5.03x10" 


-05 


-1.049x10^-01 


5.60x10" 


-01 


4.32x10^-01 


0.130 


6.63x10" 


-05 


1.01x10" 


-04 


1.91x10" 


-04 


-9.118xlO-'-oo 


5.27x10" 


-01 


4.35x10-1-01 


0.140 


2.21x10" 


-04 


3.28x10" 


-04 


5.96x10" 


-04 


-7.942x10^-00 


4.98x10" 


-01 


4.33x10^-01 


0.150 


6.30x10" 


-04 


9.10x10" 


-04 


1.60x10" 


-03 


-6.925x10-^00 


4.72x10" 


-01 


4.28x10-^01 


0.160 


1.57x10" 


-03 


2.23x10" 


-03 


3.80x10" 


-03 


-6.035x10^-00 


4.49x10" 


-01 


4.20x10^-01 


0.180 


7.18x10" 


-03 


9.91x10" 


-03 


1.60x10" 


-02 


-4.550x10^-00 


4.09x10" 


-01 


3.99x10^-01 


0.200 


2.45x10" 


-02 


3.29x10" 


-02 


5.04x10" 


-02 


-3.359x10+00 


3.74x10" 


-01 


3.72x10+01 


0.250 


2.25x10" 


-01 


2.90x10" 


-01 


4.08x10" 


-01 


-1.199x10-^00 


3.07x10- 


-01 


2.93x10+01 


0.300 


1.00x10"^°° 


1.26x10"^°° 


1.66x10^-00 


2.558x10-01 


2.60x10" 


-01 


2.05x10+01 
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Table B.24 - continued 



T (GK) Low rate Median rate High rate lognormal ji lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



2.93x10+"" 
6.61x10+"" 
1.24x10+"! 
2.07x10+"! 
4.55x10+"! 
8.25x10+"! 
1.33xl0+"2 
1.98xl0+"2 
2.77xl0+"2 
5.54xl0+"2 
9.49xl0+"2 
1.41xl0+"3 
1.91x10+"^ 
2.97x10+"^ 
3.97x10+"^ 
4.90x10+"^ 
5.74x10+"^ 
7.16x10+"^ 
8.29x10+"^ 
9.18x10+"^ 
9.91x10+"^ 
1.05x10+"^ 
1.11x10+"^ 



3.60x10+"" 
7.96x10+"" 
1.48x10+"! 
2.45x10+"! 
5.28x10+"! 
9.43x10+"! 
1.51xl0+"2 
2.22xl0+"2 
3.08xl0+"2 
6.13xl0+"2 
1.05xl0+"3 
1.56x10+"^ 
2.12xl0+"3 
3.28x10+"^ 
4.39x10+"^ 
5.42x10+"^ 
6.35xl0+"3 
7.92x10+"^ 
9.17xl0+"3 
1.02x10+"^ 
1.10x10+"^ 
1.16x10+"^ 
1.23x10+"^ 



4.59x10+"" 
9.87x10+"" 
1.80x10+"! 
2.92x10+"! 
6.17x10+"! 
1.08xl0+"2 
1.71xl0+"2 
2.49xl0+"2 
3.44xl0+"2 
(6.78xl0+"2) 
(1.16xl0+"3) 
(1.73xl0+"3) 
(2.34xl0+"3) 
(3.63xl0+"3) 
(4.86xl0+"3) 
(6.00xl0+"3) 
(7.02xl0+"3) 
(8.76xl0+"3) 
(1.01xl0+"4) 
(1.12xl0+"4) 
(1.21xl0+"4) 
(1.28xl0+"4) 
(1.36xl0+"4) 



1.302x10+"" 
2.090x10+"" 
2.706x10+"" 
3.204x10+"" 
3.971x10+"" 
4.550x10+"" 
5.016x10+"" 
5.403x10+"" 
5.732x10+"" 
(6.418x10+"") 
(6.956x10+"") 
(7.352x10+0") 
(7.657x10+"") 
(8.097x10+"") 
(8.388x10+"") 
(8.598x10+"") 
(8.756x10+"") 
(8.977x10+"") 
(9.123x10+"") 
(9.226x10+"") 
(9.302x10+"") 
(9.359x10+"") 
(9.416x10+"") 



2.29x10""! 1, 

2.06x10""! 7, 

1.89x10""! 4, 

1.76x10""! 2, 

1.54x10""! 1, 

1.37x10""! 6. 

1.25x10""! 5. 

1.15x10""! 8, 

1.08x10""! 1. 

1.01x10""!) 

1.01x10""!) 

1.01x10""!) 

1.01x10""!) 

1.01x10""!) 

1.01x10""!) 

1.01x10""!) 

1.01x10""!) 

1.01x10""!) 

1.01x10""!) 

1.01x10""!) 

1.01x10""!) 

1.01x10""!) 

1.01x10""!) 



30x10+"! 
55x10+"" 
27x10+"" 
52x10+"" 
10x10+"" 
63x10""! 
29x10""! 
63x10""! 
14x10+°" 



Comments: Measured resonance energies and strengths are adopted from Seuthe et 
al. [214] and Stegmiiller et al. [222]. For some of the observed resonances we calculated 
resonance energies from the excitation energies reported in Jenkins et al. [136]. For the ob- 
served £^"^=204 keV resonance, the experimental yield [222] together with the measured 
branching ratio (100% [136]) results in a resonance strength of a;7=(1.4±0.3) x 10"^ eV 
(i.e., any unobserved 7-ray transitions can be excluded). The unobserved E^™=200 keV 
resonance can most likely be disregarded, but the unobserved £^"^=189 keV resonance 
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strongly influences the reaction rates. For the latter resonance, we estimate an upper 
limit of W7<3x lO'^ eV from the results of the (^He,d) work of Schmidt et al. [209]. The 
measurement of Jenkins et al. [136] unambiguously identified the Ea:=7623 and 7647 keV 
levels in ^^Mg as (imobserved) d-wavc resonances (i.e., the s-wave contributions assumed 
in Ref. [209] can be disregarded; see also the arguments based on the shell model in 
Comisel et al. [47]). In total, 13 narrow resonances with energies of E$;'"=43-761 keV 
are taken into account. The unobserved resonance at EJ:™=4 keV and the direct capture 
process (Seuthe et al. [214]) do not contribute significantly to the total rates. 
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Na(p, y) Mg 




Table B.25: Total thermonuclear reaction rates for ^^Na(p,7) Mg. 



T (GK) Low rate Median rate High rate lognormal /x lognormal a A-D 



0.010 
0.011 
0.012 
0.013 
0.014 
0.015 
0.016 
0.018 
0.020 
0.025 
0.030 
0.040 
0.050 
0.060 
0.070 
0.080 
0.090 
0.100 
0.110 
0.120 
0.130 
0.140 
0.150 
0.160 
0.180 
0.200 
0.250 
0.300 



8.34x10"^^ 
1.59x10-3^ 
2.17x10"^° 
2.22x10-29 
1.87x10-2^ 
1.24x10-2^ 
7.13x10-2^ 
1.57x10-25 
2.27x10-24 
4.67x10-22 
2.71x10-20 
1.28x10-^^ 
1.70x10-15 
1.20x10-13 
3.71x10-12 

5.36x10-11 
5.21x10-1° 
4.79x10-°^ 
4.40x10-°^ 
3.36x10-°^ 
2.06x10-°^ 
1.01xl0-°5 
4.12xl0-°5 
1.43x10-°^ 
1.16x10-°^ 
6.32x10-°^ 
1.31x10-°! 
9.63x10-°! 



1.21x10-32 
2.33x10-31 
3.15x10-30 
3.27x10-29 
2.73x10-28 
1.81x10-27 
1.05x10-26 
2.28x10-25 
3.32x10-24 
6.91x10-22 
4.02x10-2° 
1.88x10-17 
7.15x10-15 
9.88x10-13 
3.49x10-11 
5.01x10-1° 
3.98xl0-°9 
2.22x10-°^ 
1.08xl0-°7 
5.41xl0-°7 
2.71x10-°^ 
1.23xl0-°5 
4.85xl0-°5 
1.67xl0-°4 
1.37xl0-°3 
7.45xl0-°3 
1.56xl0-°i 
1.14x10+°° 



1.77x10-32 
3.41x10-31 
4.60x10-3° 
4.84x10-29 
3.99x10-28 
2.64x10-27 
1.54x10-26 
3.36x10-25 
4.83x10-24 
1.01x10-21 
5.86x10-2° 
2.72x10-17 
1.94x10-14 
2.93x10-12 
1.05x10-1° 
1.49xl0-°9 
1.17xl0-°8 
6.13xl0-°8 
2.53xl0-°7 
9.60xl0-°7 
3.72xl0-°6 
1.48xl0-°5 
5.67xl0-°5 
1.94xl0-°4 
1.59xl0-°3 
8.74xl0-°3 
1.84xl0-°i 
1.35x10+°° 



-7.349xl0+°i 
-7.053xl0+°i 
-6.793xl0+°i 
-6.559xl0+°i 
-6.347xl0+°i 
-6.158xl0+°i 
-5.982 xl0+°i 
-5.673xl0+°i 
-5.406xl0+°i 
-4.873xl0+°i 
-4.467xl0+°i 
-3.852 xl0+°i 
-3.273xl0+°i 
-2.803xl0+°i 
-2.454xl0+°i 
-2.187xl0+°i 
-1.969xl0+°i 
-1.780xl0+°i 
-1.607xl0+°i 
-1.440xl0+°i 
-1.281 xl0+°i 
-1.131xl0+°i 
-9.937x10+°° 
-8.699x10+°° 
-6.597x10+°° 
-4.901x10+°° 
-1.860x10+°° 
1.335xl0-°i 



3.83xl0-°i 
3.80xl0-°i 
3.82xl0-°i 
3.91xl0-°i 
3.85xl0-°i 
3.84xl0-°i 
3.84xl0-°i 
3.84xl0-°i 
3.82xl0-°i 
3.88xl0-°i 
3.87xl0-°i 
3.75xl0-°i 
1.06x10+°° 
1.47x10+°° 
1.62x10+°° 
1.60x10+°° 
1.40x10+°° 
1.09x10+°° 
7.48xl0-°i 
4.60xl0-°i 
2.73xl0-°i 
1.87xl0-°i 
1.61xl0-°i 
1.55xl0-°i 
1.58xl0-°i 
1.61xl0-°i 
1.67xl0-°i 
1.70xl0-°i 



4.76xl0-°i 
2.57xl0-°i 
2.72xl0-°i 
1.84xl0-°i 
5.04xl0-°i 
6.04xl0-°i 
2.40xl0-°i 
3.16xl0-°i 
4.04xlO-°i 
3.92xl0-°i 
4.34xl0-°i 
4.75x10+°° 
1.08xl0+°2 
1.96xl0+°2 
2.38xl0+°2 
2.38xl0+°2 
1.95xl0+°2 
1.45xl0+°2 
1.12xl0+°2 
7.76xl0+°i 
2.27xl0+°i 
2.02x10+°° 
1.12x10+°° 
6.55xl0-°i 
4.75xl0-°i 
4.62xl0-°i 
4.23xl0-°i 
3.84xl0-°i 
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Table B.25 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



3.88x10+00 
1.08x10+01 
2.35x10+01 
4.32x10+01 
1.06x10+02 
1.99x10+02 
3.20x10+02 
4.69x10+02 
6.47x10+02 
1.22x10+03 
1.98x10+03 
2.94x10+03 
4.07x10+03 
6.74x10+03 
9.70x10+03 
1.26x10+04 
1.54x10+04 
1.98x10+04 
2.27x10+04 
2.45x10+04 
2.54x10+04 
2.57x10+04 
2.56x10+04 



4.61x10+00 
1.28x10+01 
2.79x10+01 
5.14x10+01 
1.25x10+02 
2.34x10+02 
3.74x10+02 
5.42x10+02 
7.37x10+02 
1.35x10+03 
2.16x10+03 
3.16x10+03 
4.34x10+03 
7.15x10+03 
1.03x10+04 
1.34x10+04 
1.63x10+04 
2.10x10+04 
2.42x10+04 
2.61x10+04 
2.70x10+04 
2.74x10+04 
2.72x10+04 



5.47x10+00 
1.52x10+01 
3.31x10+01 
6.09x10+01 
1.48x10+02 
2.75x10+02 
4.36x10+02 
6.26x10+02 
8.43x10+02 
1.51x10+03 
2.35x10+03 
3.40x10+03 
4.64x10+03 
7.59x10+03 
1.09x10+04 
1.42x10+04 
1.73x10+04 
2.23x10+04 
2.57x10+04 
2.77x10+04 
2.88x10+04 
2.91x10+04 
2.90x10+04 



1.528x10+00 
2.550x10+00 
3.328x10+00 
3.938x10+00 
4.830x10+00 
5.455x10+00 
5.924x10+00 
6.296x10+00 
6.605x10+00 
7.211x10+00 
7.678x10+00 
8.059x10+00 
8.377x10+00 
8.876x10+00 
9.237x10+00 
9.502x10+00 
9.697x10+00 
9.951x10+00 
1.009x10+01 
1.017x10+01 
1.021x10+01 
1.022x10+01 
1.021x10+01 



1.71x10^01 

1.72x10-01 
1.72x10^01 

1.71x10^01 

1.67x10^01 

1.61x10^01 

1.52x10-01 
1.42x10^01 

1.32x10-01 
1.06x10-01 
8.69x10-02 
7.43x10-02 
6.67x10-02 
5.99x10-02 
5.82x10-02 
5.81x10-02 
5.87x10-02 
6.00x10-02 
6.10x10-02 
6.17x10-02 
6.21x10-02 
6.25x10-02 
6.27x10-02 



3.64x10-01 
3.55x10-01 
3.50x10-01 
3.47x10-01 
3.70x10-01 
4.58x10-01 
6.68x10-01 
9.95x10-01 
1.36x10+00 
2.04x10+00 
2.10x10+00 
1.62x10+00 
1.16x10+00 
6.21x10-01 
3.65x10-01 
4.18x10-01 
4.72x10-01 
4.33x10-01 
4.20x10-01 
4.22x10-01 
4.37x10-01 
4.70x10-01 
4.97x10-01 



Comments: Excitation energies and spectroscopic factors of threshold states are pre- 
sented in Hale ct al. [114]. For the E^™=138 keV resonance, the directly measured upper 
limit of the resonance strength (Rowland et al. [205]) is taken into account. The measured 
resonance strengths for EJ;™ >240 keV are adopted from Endt [78], but are renormalized 
relative to the E'.°^=512 keV resonance (see Tab.l in Iliadis et al. [131]). In total, 54 
resonances with energies in the range of E^™=6-2256 keV are taken into account. The 
direct capture cross section is adopted from Hale et al. [114]. 
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'Na(p, y) Mg 




133 



Table B.26: Total thermonuclear reaction rates for ^^Na(p,a)^'^Ne. 



T (GK) Low rate Median rate High rate lognormal jj. lognormal a A-D 



0.010 


1.37x10" 


-30 


1.88x10 


-30 


2.64x10 


-30 


-6.843x10+°^ 


3.37x10" 


-01 


5.84x10+°° 


0.011 


2.70x10" 


-29 


3.76x10 


-29 


5.26x10 


-29 


-6.544x10+°^ 


3.39x10- 


-01 


2.38x10+°° 


0.012 


3.78x10" 


-28 


5.31x10 


-28 


7.44x10 


-28 


-6.280 xl0+°i 


3.42x10- 


-01 


9.23x10"°! 


0.013 


3.99x10" 


-27 


5.65x10 


-27 


7.90x10 


-27 


-6.044x10+°^ 


3.44x10- 


-01 


8.10x10"°! 


0.014 


3.33x10" 


-26 


4.72x10 


-26 


6.60x10 


-26 


-5.832x10+°^ 


3.44x10- 


-01 


1.15x10+°° 


0.015 


2.28x10" 


-25 


3.22x10 


-25 


4.49x10 


-25 


-5.640x10+°^ 


3.41x10- 


-01 


1.28x10+°° 


0.016 


1.31x10" 


-24 


1.84x10 


-24 


2.56x10 


-24 


-5.465 xl0+°i 


3.37x10- 


-01 


1.12x10+°° 


0.018 


2.89x10" 


-23 


4.00x10 


-23 


5.47x10 


-23 


-5.157x10+°^ 


3.24x10- 


-01 


9.16x10"°! 


0.020 


4.13x10" 


-22 


5.58x10 


-22 


7.59x10 


-22 


-4.893x10+°^ 


3.10x10- 


-01 


2.32x10+°° 


0.025 


8.53x10" 


-20 


1.11x10 


-19 


1.48x10 


-19 


-4.363x10+°^ 


2.89x10- 


-01 


9.69x10+°° 


0.030 


5.09x10" 


-18 


6.55x10 


-18 


8.69x10 


-18 


-3.955 xl0+°i 


2.78x10- 


-01 


1.18x10+°! 


0.040 


2.16x10" 


-15 


2.74x10 


-15 


3.54x10 


-15 


-3.352x10+°^ 


2.57x10- 


-01 


6.87x10+°° 


0.050 


1.81x10" 


-13 


2.28x10 


-13 


2.87x10 


-13 


-2.911x10+°^ 


2.38x10- 


-01 


2.13x10+°° 


0.060 


7.18x10" 


-12 


8.78x10 


-12 


1.08x10 


-11 


-2.546x10+°^ 


2.10x10- 


-01 


8.48x10"°! 


0.070 


2.04x10" 


-10 


2.43x10 


-10 


2.92x10 


-10 


-2.213x10+°^ 


1.83x10- 


-01 


8.02x10"°! 


0.080 


3.69x10" 


-09 


4.37x10 


-09 


5.20x10 


-09 


-1.925x10+°^ 


1.74x10- 


-01 


6.40x10"°! 


0.090 


4.01x10" 


-08 


4.74x10 


-08 


5.64x10 


-08 


-1.686x10+°^ 


1.73x10- 


-01 


5.79x10"°! 


0.100 


2.84x10" 


-07 


3.35x10 


-07 


4.00x10 


-07 


-1.490x10+°^ 


1.71x10- 


-01 


6.03x10"°! 


0.110 


1.46x10" 


-06 


1.71x10 


-06 


2.03x10 


-06 


-1.327x10+°! 


1.68x10- 


-01 


6.85x10"°! 


0.120 


5.89x10" 


-06 


6.88x10 


-06 


8.11x10 


-06 


-1.188x10+°! 


1.60x10- 


-01 


8.61x10"°! 


0.130 


2.02x10" 


-05 


2.33x10 


-05 


2.72x10 


-05 


-1.066x10+°! 


1.49x10- 


-01 


9.93x10"°! 


0.140 


6.13x10" 


-05 


7.01x10 


-05 


8.04x10 


-05 


-9.564x10+°° 


1.36x10- 


-01 


9.52x10"°! 


0.150 


1.71x10" 


-04 


1.93x10 


-04 


2.20x10 


-04 


-8.550x10+°° 


1.26x10- 


-01 


5.51x10"°! 


0.160 


4.41x10" 


-04 


4.96x10 


-04 


5.61x10 


-04 


-7.607x10+°° 


1.21x10- 


-01 


4.01x10-°! 


0.180 


2.40x10" 


-03 


2.72x10 


-03 


3.09x10- 


-03 


-5.906x10+°° 


1.26x10- 


-01 


1.42x10+"° 


0.200 


1.03x10" 


-02 


1.17x10 


-02 


1.34x10 


-02 


-4.443x10+°° 


1.34x10- 


-01 


2.64x10+°° 


0.250 


1.64x10" 


-01 


1.88x10 


-01 


2.17x10 


-01 


-1.666x10+°° 


1.39x10 


-01 


3.09x10+°° 


0.300 


1.11x10+°° 


1.26x10+°° 


1.44x10+°° 


2.341x10"°! 


1.32x10- 


-01 


3.54x10+°° 
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Table B.26 - continued 



T (GK) Low rate Median rate High rate lognormal ji lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



4.46x10+°" 
1.34x10+°^ 
3.43x10+°! 
7.95x10+°! 
3.36xl0+°2 
1.06x10+°'"' 
2.64xl0+°3 
5.49xl0+°3 
1.01x10+°^^ 
3.23x10+°^ 
7.66xl0+°4 
1.50x10+°^ 
2.58x10+°^ 
5.76x10+°^ 
1.01x10+°^ 
1.53x10+°^ 
(2.40x10+°^) 
(4.87x10+°^) 
(8.26x10+06) 
(1.25x10+0'^) 
(1.72x10+0^) 
(2.25x10+0^) 
(2.92x10+0'^) 



5.00x10+°° 
1.48x10+°! 
3.72x10+°! 
8.52x10+°! 
3.57xl0+°2 
1.13x10+°-' 
2.82xl0+°3 
5.87xl0+°3 
1.07x10+°" 
3.43x10+°'' 
8.09x10+°" 
1.58x10+°^ 
2.71x10+°^ 
6.06x10+°^ 
1.06x10+°^ 
1.61x10+°^ 
(2.52x10+°^) 
(5.13x10+°^) 
(8.70x10+°^) 
(1.31x10+0^) 
(1.81x10+°^) 
(2.36x10+07) 
(3.08x10+°^) 



5.67x10+"° 
1.65x10+"! 
4.07x10+"! 
9.16x10+"! 
3.80xl0+"2 
1.20xl0+"3 
3.01xl0+"3 
6.27xl0+"3 
1.15x10+"" 
3.64x10+"" 
8.55x10+"" 
1.67x10+°^ 
2.86x10+"^ 
6.37x10+05 
1.12x10+06 
1.69x10+06 
(2.65x10+06) 
(5.40xl0+"6) 
(9.15xl0+"6) 
(1.38x10+"^) 
(1.91x10+"^) 
(2.49x10+"^) 
(3.24x10+"^) 



1.614x10+"° 
2.698x10+"° 
3.621x10+"° 
4.447x10+"° 
5.879x10+"° 
7.030x10+"° 
7.943x10+"° 
8.677x10+"° 
9.283x10+"° 
1.044x10+0! 
1.130x10+0! 
1.197x10+0! 
1.251x10+0! 
1.331x10+0! 
1.388x10+0! 
1.429x10+0! 

(1.474x10+0!) 

(1.545x10+0!) 

(1.598x10+0!) 

(1.639x10+0!) 

(1.671x10+0!) 

(1.698x10+0!) 

(1.724x10+0!) 



1.20x10""! 4, 

1.05x10""! 5. 

8.71xl0""2 5, 

7.17xl0-"2 3. 

6.10x10""^ 3, 

6.36xl0-"2 3. 

6.61xl0-"2 3. 

6.64x10""^ 3, 

6.53xl0-"2 3. 

6.00x10-02 4. 

5.57x10 - 02 1. 

5.33x10-02 1. 

5.19x10-02 1. 

5.05x10-02 1, 

5.03x10-02 1. 

5.10x10-02 1, 
(5.11x10-02) 
(5.11x10-02) 
(5.11x10-02) 
(5.11x10-02) 
(5.11x10-02) 
(5.11x10-02) 
(5.11x10-02) 



42x10+"° 
64x10+0° 
88x10+0° 
39x10+0° 
97x10"°! 
28x10-°! 
44x10-°! 
56x10"°! 
49x10-°! 
03x10-°! 
07x10+0° 
89x10+00 
90x10+00 
14x10+00 
06x10+00 
42x10+00 



Comments: Excitation energies and spectroscopic factors of threshold states are pre- 
sented in Hale et al. [114]. For the E^™=138 keV resonance, the directly measured upper 
limit for the (p,7) resonance strength (Rowland et al. [205]) also influences the (p,a) 
reaction rates. For EJ;'" <968 keV, the resonance strengths are adopted from Tab. VI of 
Hale et al. [114]. The resonance strengths for E^™ >968 keV are rcnormalizcd relative to 
the EJ."^=338 keV resonance (Rowland et al. [204]). In total, 52 resonances with energies 
in the range of E^"*=6-2328 keV are taken into account. 
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Table B.27: Total thermonuclear reaction rates for ^^Mg(p,7)^^Al. 



T (GK) Low rate Median rate High rate lognormal /x lognormal a A-D 



0.010 


5.26x10" 


37 


7.66x10" 


-37 


1.12x10" 


36 


-8.316x10+°^ 


3.84x10" 


-01 


2.81x10- 


-01 


0.011 


1.19x10" 


35 


1.75x10" 


-35 


2.57x10" 


35 


-8.003x10+°! 


3.87x10" 


-01 


4.84x10" 


-01 


0.012 


1.92x10" 


34 


2.81x10" 


-34 


4.20x10" 


34 


-7.725 xl0+°i 


3.89x10" 


-01 


3.50x10- 


-01 


0.013 


2.26x10" 


33 


3.32x10" 


-33 


4.87x10" 


33 


-7.479x10+°^ 


3.83x10" 


-01 


3.81x10- 


-01 


0.014 


2.12x10" 


32 


3.11x10" 


-32 


4.60x10" 


32 


-7.254x10+°^ 


3.86x10" 


-01 


2.91x10- 


-01 


0.015 


1.60x10" 


31 


2.37x10" 


-31 


3.48x10" 


31 


-7.052 xl0+°i 


3.84x10" 


-01 


4.03x10- 


-01 


0.016 


1.02x10" 


30 


1.51x10" 


-30 


2.22x10" 


30 


-6.866x10+°! 


3.86x10" 


-01 


6.94x10- 


-01 


0.018 


2.75x10" 


29 


4.07x10" 


-29 


5.92x10" 


29 


-6.538x10+°! 


3.87x10" 


-01 


6.19x10- 


-01 


0.020 


4.64x10" 


28 


6.84x10" 


-28 


1.00x10" 


27 


-6.255x10+°! 


3.87x10" 


-01 


2.60x10- 


-01 


0.025 


1.33x10" 


25 


1.97x10" 


-25 


2.89x10" 


25 


-5.689x10+°! 


3.86x10" 


-01 


3.44x10- 


-01 


0.030 


1.00x10" 


23 


1.48x10" 


-23 


2.15x10" 


23 


-5.257x10+°! 


3.84x10" 


-01 


3.22x10- 


-01 


0.040 


5.44x10" 


21 


7.94x10" 


-21 


1.18x10" 


20 


-4.628x10+°! 


3.85x10" 


-01 


4.32x10- 


-01 


0.050 


4.73x10" 


19 


6.93x10" 


-19 


1.02x10" 


18 


-4.181x10+°! 


3.84x10" 


-01 


1.93x10- 


-01 


0.060 


1.43x10" 


17 


2.11x10" 


-17 


3.07x10" 


17 


-3.840x10+°! 


3.87x10" 


-01 


5.08x10- 


-01 


0.070 


2.16x10" 


16 


3.18x10" 


-16 


4.64x10" 


16 


-3.568x10+°! 


3.87x10" 


-01 


5.49x10- 


-01 


0.080 


2.03x10" 


15 


2.99x10" 


-15 


4.32x10" 


15 


-3.345x10+°! 


3.84x10" 


-01 


3.83x10- 


-01 


0.090 


1.33x10" 


14 


1.96x10" 


-14 


2.90x10" 


14 


-3.156x10+°! 


3.89x10" 


-01 


2.59x10- 


-01 


0.100 


6.76x10" 


14 


1.00x10" 


-13 


1.47x10" 


13 


-2.993x10+°! 


3.89x10" 


-01 


1.82x10- 


-01 


0.110 


2.81x10" 


13 


4.18x10" 


-13 


6.15x10" 


13 


-2.851x10+°! 


3.91x10" 


-01 


3.55x10- 


-01 


0.120 


1.00x10" 


12 


1.47x10" 


-12 


2.15x10" 


12 


-2.725x10+°! 


3.83x10" 


-01 


2.14x10- 


-01 


0.130 


3.09x10" 


12 


4.55x10" 


-12 


6.68x10" 


12 


-2.612x10+°! 


3.84x10" 


-01 


6.90x10- 


-01 


0.140 


8.57x10" 


12 


1.24x10" 


-11 


1.82x10" 


11 


-2.511x10+°! 


3.81x10" 


-01 


3.34x10- 


-01 


0.150 


2.17x10" 


11 


3.16x10" 


-11 


4.63x10" 


11 


-2.418x10+°! 


3.82x10" 


-01 


2.96x10- 


-01 


0.160 


5.08x10" 


11 


7.40x10" 


-11 


1.08x10" 


10 


-2.332x10+°! 


3.82x10" 


-01 


2.40x10- 


-01 


0.180 


2.35x10" 


10 


3.40x10" 


-10 


4.99x10" 


10 


-2.180x10+°! 


3.81x10" 


-01 


4.40x10- 


-01 


0.200 


9.16x10" 


10 


1.34x10" 


-09 


1.95x10" 


09 


-2.043x10+°! 


3.89x10" 


-01 


9.61x10- 


-01 


0.250 


1.57x10" 


08 


2.33x10" 


-08 


3.66x10" 


08 


-1.755x10+°! 


4.45x10" 


-01 


1.37x10+0! 


0.300 


1.51x10" 


07 


2.30x10" 


-07 


3.72x10" 


07 


-1.526x10+°! 


4.64x10" 


-01 


1.27x10+°! 
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Table B.27 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognorinal a A-D 



0.350 9.22x10-°^ 1.38x10-"^' 2.16x10-°*^ 

0.400 3.85x10""^ 5.64x10""^' 8.36x10""*^ 

0.450 1.22x10""'^ 1.71X10"*" 2.41xl0"°-'^ 

0.500 3.09x10-0-'^ 4.22x10-"'"^ 5.73x10-°^ 

0.600 1.31x10-04 1.68x10-""* 2.14x10-°^^ 

0.700 3.73x10-°'' 4.70x10-"^ 5.94x10-°'' 

0.800 8.51x10-°" 1.08xl0-"-^ 1.38x10-°'"' 

0.900 1.70x10-°-' 2.18x10-"'' 2.88x10-°'"' 

1.000 3.10x10-°^ 4.08x10-"^ 5.46x10-°'"' 

1.250 1.09xl0-°2 1.50x10-°^ 2.11x10-°^ 

1.500 3.04xl0-°2 4.30xl0-°2 6.08x10"°^ 

1.750 7.23xl0-°2 1.03x10"°^ 1.47x10"°^ 

2.000 1.49x10"°^ 2.12x10-°^ 3.07x10"°* 

2.500 4.80x10-01 6.76x10-°* 9.73x10-°* 

3.000 1.13x10+™ 1.62x10+°° 2.34x10+°° 

3.500 2.26x10+°° 3.24x10+°° 4.71x10+°° 

4.000 3.93x10+°° 5.68x10+°° 8.16x10+°° 

5.000 9.31x10+°° 1.35x10+°* 1.96x10+°* 

6.000 1.74x10+°* 2.53x10+°* 3.67x10+°* 

7.000 2.87x10+°* 4.14x10+°* 6.14x10+°* 

8.000 4.12x10+°* 6.06x10+°* 8.88x10+°* 

9.000 5.67x10+°* 8.22x10+°* 1.20x10+°^ 

10.000 7.29x10+°* 1.07xl0+°2 1.56x10+°^ 



-1.347x10+"* 4.38x10-"* 6.57x10+°° 
-1.207x10+"* 3.91x10-"* 2.76x10+°° 
-1.097x10+"* 3.47x10-"* 6.18x10"°* 
-1.008x10+"* 3.07x10-"* 2.67x10-°* 
-8.695x10+"° 2.50x10-"* 6.66x10-°* 
-7.660x10+"° 2.36x10-"* 8.52x10-°* 
-6.826x10+"° 2.43x10-"* 1.15x10+°° 
-6.116x10+"° 2.66x10-"* 3.20x10+°° 
-5.494x10+"° 2.87x10-"* 4.26x10+°° 
-4.191x10+°° 3.33x10-°* 2.38x10+°° 
-3.146x10+°° 3.52x10-°* 2.12x10-°* 
-2.270x10+°° 3.59x10-°* 6.12x10-°* 
-1.545x10+°° 3.63x10-°* 1.34x10+°° 
-3.839x10-°* 3.60x10-°* 1.25x10+°° 
4.841x10-°* 3.64x10-°* 3.91x10-°* 
1.181x10+°° 3.67x10-°* 4.75x10-°* 
1.737x10+°° 3.67x10-°* 4.92x10-°* 
2.602x10+°° 3.75x10-°* 1.09x10-°* 
3.232x10+°° 3.75x10-°* 2.12x10-°* 
3.732x10+°° 3.78x10-°* 1.35x10+°° 
4.104x10+°° 3.78x10-°* 4.11x10-°* 
4.413x10+°° 3.77x10-°* 3.40x10-°* 
4.668x10+°° 3.77x10-°* 3.26x10-°* 



Comments: The contributions of two resonances and the direct capture process are 
taken into account for the calculation of the reaction rates. The S-factor for the direct 
capture to the ^^Al ground state (J'^=5/2+) is calculated here by using the measured 
spectroscopic factor of C^5^=2 = 0.22 [123] for the mirror state in ^^Ne. (The shell model 
value of C'^Si=2 = 0.34 was used previously). The two resonances are located at E^"* = 
405 ± 27 [34] and 1651±40 keV. The first resonance corresponds to an excitation energy 
of Ex = 528 keV and has a spin-parity of 1/2+. The proton width is adopted from 
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Rcf. [34], while the 7-ray partial width has been measured in a Coulomb dissociation 
experiment [107]. The second resonance corresponds to E^^ = 1773 keV and represents 
most likely the 3/2 j'^ shell model state. We obtain its proton and 7-ray partial widths 
using the shell model results of Ref. [118]. A g-wavc {£ = 4) resonance, corresponding 
to the ^^Ne mirror state at = 1702 keV, is expected to occur near E^™ = 1.5 — 2 
MeV. Neither has the level been observed in ^^Al, nor has a value been reported for the 
shell model 7-ray partial width and, consequently, we disregard this state. Note that it 
is highly unlikely that any of the resonances observed in the scattering study of He et al. 
[118] have a significant effect on the total reaction rates since they are located too high 
in energy (E^™ = 2.9 - 3.8 MeV). 
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Table B.28: Total thermonuclear reaction rates for ^^Mg(p,7)^'*Al. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 




0.010 


2.45x10" 


35 


3.59x10 


-35 


5.19x10 


-35 


-7.932x10+°^ 


3.80x10" 


-01 


8.89x10" 


-01 


0.011 


5.57x10- 


34 


8.21x10 


-34 


1.19x10 


-33 


-7.619x10+°^ 


3.80x10" 


-01 


2.68x10" 


-01 


0.012 


9.01x10" 


33 


1.31x10 


-32 


1.94x10 


-32 


-7.341 xl0+°i 


3.84x10" 


-01 


7.73x10" 


-01 


0.013 


1.05x10" 


31 


1.55x10 


-31 


2.27x10 


-31 


-7.095x10+°^ 


3.84x10" 


-01 


2.52x10" 


-01 


0.014 


9.88x10" 


31 


1.45x10 


-30 


2.10x10 


-30 


-6.871x10+°^ 


3.80x10" 


-01 


3.91x10" 


-01 


0.015 


7.42x10" 


30 


1.09x10 


-29 


1.60x10 


-29 


-6.669x10+°^ 


3.83x10" 


-01 


1.45x10" 


-01 


0.016 


4.82x10" 


29 


7.15x10 


-29 


1.03x10 


-28 


-6.482 xl0+°i 


3.83x10" 


-01 


1.14x10+°° 


0.018 


1.27x10" 


27 


1.86x10 


-27 


2.74x10 


-27 


-6.155x10+°^ 


3.84x10" 


-01 


1.69x10" 


-01 


0.020 


2.16x10" 


26 


3.14x10 


-26 


4.59x10 


-26 


-5.872x10+°^ 


3.83x10" 


-01 


4.34x10" 


-01 


0.025 


6.31x10" 


24 


9.14x10 


-24 


1.34x10 


-23 


-5.305x10+°^ 


3.83x10" 


-01 


3.88x10" 


-01 


0.030 


4.60x10" 


22 


6.72x10 


-22 


9.91x10 


-22 


-4.875x10+°^ 


3.82x10" 


-01 


6.09x10" 


-01 


0.040 


2.47x10" 


19 


3.60x10 


-19 


5.30x10 


-19 


-4.247x10+°^ 


3.78x10" 


-01 


3.64x10" 


-01 


0.050 


2.14x10" 


17 


3.12x10 


-17 


4.56x10 


-17 


-3.801x10+°^ 


3.80x10" 


-01 


2.01x10" 


-01 


0.060 


6.32x10" 


16 


9.26x10 


-16 


1.35x10 


-15 


-3.461x10+°^ 


3.82x10" 


-01 


3.10x10" 


-01 


0.070 


9.72x10" 


15 


1.40x10 


-14 


2.04x10 


-14 


-3.190x10+°^ 


3.77x10" 


-01 


2.90x10" 


-01 


0.080 


8.84x10" 


14 


1.30x10 


-13 


1.90x10 


-13 


-2.967x10+°^ 


3.84x10" 


-01 


1.88x10" 


-01 


0.090 


5.80x10" 


13 


8.54x10" 


-13 


1.25x10 


-12 


-2.779x10+°^ 


3.89x10" 


-01 


3.88x10" 


-01 


0.100 


2.96x10" 


12 


4.32x10 


-12 


6.28x10 


-12 


-2.617x10+°^ 


3.76x10" 


-01 


3.02x10" 


-01 


0.110 


1.20x10" 


11 


1.77x10 


-11 


2.61x10 


-11 


-2.476x10+°! 


3.93x10" 


-01 


5.90x10" 


-01 


0.120 


4.25x10" 


11 


6.24x10 


-11 


9.18x10 


-11 


-2.350x10+°! 


3.84x10" 


-01 


2.27x10" 


-01 


0.130 


1.28x10" 


10 


1.87x10 


-10 


2.73x10 


-10 


-2.240x10+°! 


3.82x10" 


-01 


3.25x10" 


-01 


0.140 


3.57x10" 


10 


5.18x10 


-10 


7.63x10- 


-10 


-2.138x10+°! 


3.81x10" 


-01 


4.17x10" 


-01 


0.150 


8.93x10" 


10 


1.29x10 


-09 


1.88x10 


-09 


-2.047x10+°! 


3.81x10" 


-01 


9.70x10" 


-01 


0.160 


2.12x10" 


09 


3.05x10 


-09 


4.42x10 


-09 


-1.960x10+"! 


3.69x10" 


-01 


3.06x10" 


-01 


0.180 


1.16x10" 


08 


1.58x10 


-08 


2.18x10" 


-08 


-1.796x10+°! 


3.25x10" 


-01 


5.60x10" 


-01 


0.200 


7.20x10" 


08 


9.66x10 


-08 


1.29x10" 


-07 


-1.616x10+°! 


2.92x10" 


-01 


4.49x10" 


-01 


0.250 


5.95x10" 


06 


8.82x10 


-06 


1.29x10 


-05 


-1.165x10+°! 


3.87x10" 


-01 


6.56x10" 


-01 


0.300 


1.65x10" 


04 


2.47x10 


-04 


3.64x10 


-04 


-8.319x10+°° 


4.02x10" 


-01 


1.59x10+°° 
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Table B.28 - continued 



T (GK) Low rate Median rate High rate lognormal fi lognormal a 



A-D 
.78x10+"° 
.75x10+"° 
.63x10+"° 
.48x10+"° 
.18x10+"° 
.77x10^°^ 
.64x10"°! 
.22x10"°! 
.74x10"°! 
.11x10"°! 
.57x10"°! 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



1.78xl0""3 
1.04xl0-"2 
4.09xl0""2 
1.21x10-"! 
6.01x10""! 
1.87x10+°" 
4.39x10+°" 
8.46x10+°" 
1.42x10+°! 
3.56x10+°! 
6.45x10+°! 
(9.00x10+°! 
(1.18xlO+°2 
(1.75xl0+°2 
(2.32xl0+°2 
(2.87xl0+°2 
(3.40xl0+°2 
(4.46xl0+°2 
(5.51xl0+°2 
(6.61xl0+°2 
(7.74xl0+°2 
(8.92xl0+°2 
(1.03x10+°^ 



2.66x10"°-'' 
1.55xl0"°2 
6.03xl0"°2 
1.77x10"°! 
8.75x10"°! 
2.69x10+°" 
6.23x10+°° 
1.18x10+°! 
1.97x10+°! 
4.81x10+°! 
8.59x10+°! 
(1.21xl0+°2 
(1.59xl0+°2 
(2.36xl0+°2 
(3.12xl0+°2 
(3.87xl0+°2 
(4.59xl0+°2 
(6.01xl0+°2 
(7.42xl0+°2 
(8.91xl0+°2 
(1.04x10+°^ 
(1.20xl0+°3 
(1.39xl0+°3 



3.91xl0"°3 
2.28xl0"°2 
8.80xl0"°2 
2.56x10"°! 
1.25x10+"° 
3.78x10+"° 
8.60x10+"° 
1.62x10+"! 
2.67x10+"! 
6.43x10+"! 
1.13xl0+"2 
(1.63xl0+"2 
(2.14xlO+°2 
(3.18xl0+°2 
(4.21xl0+°2 
(5.21xl0+°2 
(6.19xl0+°2 
(8.09xl0+°2 
(1.00xl0+°3 
(1.20xl0+°3 
(1.41xl0+°3 
(1.62xl0+°3 
(1.87xl0+°3 



-5.942x10+"° 
-4.177x10+"° 
-2.818x10+"° 
-1.740x10+"° 
-1.430x10"°! 
9.832x10"°! 
1.819x10+"" 
2.461x10+"° 
2.970x10+"" 
3.869x10+"° 
4.450x10+"° 
(4.798x10+°° 
(5.069x10+"° 
(5.464x10+°° 
(5.743x10+°° 
(5.958x10+°° 
(6.129x10+°° 
(6.398x10+°° 
(6.609x10+°° 
(6.792x10+°° 
(6.950x10+°° 
(7.092x10+°° 
(7.235x10+°° 



4.01x10""! 1 
3.96x10""! 1 
3.90x10""! 1 
3.83x10""! 1 
3.68x10""! 1 
3.52x10""! 9 
3.38x10""! 8 
3.25x10""! 8 
3.15x10"°! 7 
2.96x10"°! 6 
2.84x10"°! 4 

(2.99x10"°!) 

(2.99x10"°!) 

(2.99x10"°!) 

(2.99x10"°!) 

(2.99x10"°!) 

(2.99x10"°!) 

(2.99x10"°!) 

(2.99x10"°!) 

(2.99x10"°!) 

(2.99x10"°!) 

(2.99x10"°!) 

(2.99x10"°!) 



Comments: In total, 6 resonances with energies of E^*" < 1.0 MeV are taken into 
account. The resonance energies are deduced from the ^^Al excitation energies measured 
by Lotay ct al. [155] and Visser et al. [245,246]. Spectroscopic factors arc adopted from 
the mirror states in ^^Na, measured using the (d,p) reaction (Tomandl et al. [236]). 
Gamma-ray partial widths are obtained from the shell model (Herndl et al. [120]) for 
unbound states, or from Endt [78] for bound states. Information on 7-ray branching 
ratios is adopted from Refs. [236,155]. The rate uncertainties result from the following 
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uncertainties of input parameters: (i) resonance energies (±3 4 keV), (ii) spectroscopic 
factors (±40%), (iii) 7-ray transition strengths (±50%), and (iv) direct capture S-factor 
(±40%). Note that the rate uncertainties presented here do not take into account the fact 
that the experimental spin and parity assignments for some of the low-energy resonances 
are not unambiguous. 
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Table B.29: Total thermonuclear reaction rates for ^^Mg(p,7)2^Al. 



T (GK) Low rate Median rate High rate lognormal jj. lognormal a A-D 



0.010 


3.05x10" 


-35 


4.29x10 


-35 


6.07x10 


-35 


-7.913x10+°^ 


3.47x10" 


-01 


1.59x10+°° 


0.011 


7.05x10- 


-34 


9.82x10 


-34 


1.39x10 


-33 


-7.600x10+°^ 


3.43x10" 


-01 


6.81x10"°! 


0.012 


1.13x10" 


-32 


1.59x10 


-32 


2.22x10 


-32 


-7.322x10+°^ 


3.42x10" 


-01 


3.22x10"°! 


0.013 


1.36x10" 


-31 


1.90x10 


-31 


2.67x10 


-31 


-7.074x10+°^ 


3.36x10" 


-01 


7.26x10"°! 


0.014 


1.26x10" 


-30 


1.76x10 


-30 


2.51x10 


-30 


-6.850x10+°^ 


3.45x10" 


-01 


8.16x10"°! 


0.015 


9.69x10" 


-30 


1.35x10 


-29 


1.89x10 


-29 


-6.647x10+°^ 


3.43x10" 


-01 


6.18x10"°! 


0.016 


6.27x10" 


-29 


8.73x10 


-29 


1.21x10 


-28 


-6.461 xl0+°i 


3.35x10" 


-01 


6.95x10"°! 


0.018 


1.67x10" 


-27 


2.32x10 


-27 


3.28x10 


-27 


-6.132x10+°^ 


3.42x10" 


-01 


1.74x10+°° 


0.020 


2.86x10" 


-26 


4.00x10 


-26 


5.62x10 


-26 


-5.848x10+°^ 


3.37x10" 


-01 


5.94x10"°! 


0.025 


8.45x10" 


-24 


1.16x10 


-23 


1.64x10 


-23 


-5.280x10+°^ 


3.31x10" 


-01 


1.13x10+°° 


0.030 


6.45x10" 


-22 


8.92x10 


-22 


1.25x10 


-21 


-4.846x10+°^ 


3.31x10" 


-01 


1.13x10+°° 


0.040 


3.69x10" 


-19 


5.01x10 


-19 


6.94x10 


-19 


-4.213x10+°^ 


3.21x10" 


-01 


1.41x10+°° 


0.050 


8.29x10" 


-17 


9.94x10 


-17 


1.20x10 


-16 


-3.684x10+°^ 


1.86x10" 


-01 


7.27x10"°! 


0.060 


1.33x10" 


-13 


1.56x10 


-13 


1.81x10 


-13 


-2.949x10+°^ 


1.56x10" 


-01 


9.99x10"°! 


0.070 


3.90x10" 


-11 


4.50x10 


-11 


5.13x10 


-11 


-2.383x10+°^ 


1.37x10" 


-01 


1.12x10+°° 


0.080 


2.71x10" 


-09 


3.08x10 


-09 


3.47x10- 


-09 


-1.960x10+°^ 


1.23x10" 


-01 


1.10x10+°° 


0.090 


7.19x10" 


-08 


8.08x10 


-08 


9.03x10 


-08 


-1.633x10+°^ 


1.14x10" 


-01 


9.53x10"°! 


0.100 


9.73x10" 


-07 


1.09x10 


-06 


1.20x10 


-06 


-1.374x10+°^ 


1.07x10" 


-01 


8.35x10"°! 


0.110 


8.08x10" 


-06 


8.96x10 


-06 


9.91x10 


-06 


-1.162x10+°! 


1.02x10" 


-01 


7.86x10"°! 


0.120 


4.66x10" 


-05 


5.15x10 


-05 


5.67x10 


-05 


-9.876x10+°° 


9.90x10" 


-02 


7.92x10"°! 


0.130 


2.03x10" 


-04 


2.24x10 


-04 


2.46x10" 


-04 


-8.407x10+°° 


9.64x10" 


-02 


7.58x10"°! 


0.140 


7.11x10" 


-04 


7.82x10 


-04 


8.57x10- 


-04 


-7.155x10+°° 


9.46x10" 


-02 


7.09x10"°! 


0.150 


2.09x10" 


-03 


2.30x10 


-03 


2.51x10 


-03 


-6.078x10+°° 


9.32x10" 


-02 


6.63x10"°! 


0.160 


5.34x10" 


-03 


5.86x10 


-03 


6.41x10 


-03 


-5.141x10+°° 


9.22x10" 


-02 


6.25x10"°! 


0.180 


2.51x10" 


-02 


2.75x10 


-02 


3.00x10- 


-02 


-3.596x10+°° 


9.10x10" 


-02 


6.31x10"°! 


0.200 


8.49x10" 


-02 


9.31x10 


-02 


1.02x10 


-01 


-2.376x10+°° 


9.04x10" 


-02 


6.26x10"°! 


0.250 


7.27x10" 


-01 


7.96x10 


-01 


8.68x10 


-01 


-2.305x10-°! 


9.03x10 


-02 


5.51x10-°! 


0.300 


2.89x10+°° 


3.17x10+°° 


3.46x10+°° 


1.151x10+°° 


9.08x10" 


-02 


5.07x10"°! 
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Table B.29 - continued 



1 ) 


Low rate 


A4edian rate 


High rate 


lognormal fi 


lognormal a 


A-U 




n OCA 


( .49x 10 


o.zl X 10 


o A'y \ / 1 ("^+00 

8.9 ( X lU 


O 1AC\/1A + 00 

2.105X 10 


9.12x10" 


-02 


4. lux lU 


-01 


U.4(J(J 


i.oOx 10 


1 /I N , 1 A-t-01 

l.o4x 10 


1 ^A N / 1 A + 01 

1.79X 10 


O 'TAO N / 1 A + 00 

2.798X 10 


9.12x10" 


-02 


4.55x 10" 


-01 


A A CA 

U.4oU 


o C O \ / 1 A+01 

/.oox 10 


2. 1 IX 10 


O AO\/1A + 01 

J.Oox 10 


O OOO\/1A + 00 

o.o22x 10 


9.08x10" 


-02 


A HA ^ ^ A 

4.01 X 10 


-01 


A C A A 

0.500 


0.81 X 10^ 


4.17X 10^ 


A cr N / 1 A+01 

4.5ox 10^ 


O 'TOI N/1A + 00 

ci.7cilx 10^ 


9.00x10" 


-02 


O A A ^ ^ A Ct- 

3.44X 10 


-01 


A r- A A 

O.oOO 


0.95x10^ 


T C O N , 1 A-t-01 

7.o8x 10^ 


o oCn,ia+01 

8.25X 10^ 


/I 'Jor^^-iri-l-OO 

4.327x 10^ 


8.71x10" 


-02 


2.35x 10" 


-01 


0.700 


1 Ar > , 1 A-l-02 

1.05x10^ 


1.15x 10^ 


1.25X 10^ 


/I rT/io>,iA-l-00 

4.743 X 10^ 


8.33x10" 


-02 


1.82x 10 


-01 


0.800 


1.44X lU^ 


1 tz ^ , t A-l-02 
I.OOX 1(J^ 


1 A N , 1 A-l-02 

1.59 X 11)^ 


C ACI N/1A-I-00 

o.Uolx i(J^ 


7.88x10" 


-02 


1 OAn/IA- 

i.<59x IL) 


-01 


0.900 


1 o r N / 1 A+02 

i.85x 1(J^ 


1 A A N , 1 A-l-02 

l.yyx lU^ 


o 1 /I N - 1 A-l-02 

Z.14X IL)^ 


C AAA N / 1 A-|-00 

o.z9zx iU 


7.41x10" 


-02 


2.50X 10 


-01 


1 AAA 

1.000 


O A/^ N > 1 A-|~02 

z.2ox 1(J 


o /I o N , 1 A-l-02 

Z.42X 1(J 


o crAN,iA-l-02 

z.o9x w 


rr /I OC1 N / 1 ri-|-00 

5.489 X 10 


6.93x10" 


-02 


3.27X 10 


-01 


1 OCA 

l.z50 


O 0£? N , 1 A-l-02 


o cr£? N , 1 A-l-02 
O.OOX 1(J^ 


O TTn/ 1 A-l-02 

o.77x 10^ 


otTn,ia+00 

5.877X 10^ 


5.79x10" 


-02 


A A A ^ J t n- 

4.11x10 


-01 


1 r A A 

1.500 


£? 1 ^ , 1 A-l-02 

4.d1 X lU^ 


/I o /I N , 1 A-l-02 

4.84X 11)^ 


C AO N , 1 A-l-02 


1OO^,1A+00 

D.182X 10^ 


4.92x10" 


-02 


2.o5x 10 


-01 


1.750 


0.97 X iU^ 


D.ZOX iU^ 


c o 1 A-l-02 
o.ooX iU^ 


C /lOT^/IA+OO 

0.437 X 10^ 


4.46x10" 


-02 


l.o7X 10 


-01 


2.000 


'T y1 A > , i A-l-02 

7.42 x 10^ 


T /I > , 1 A-l-02 

7.74x 10^ 


O AO > , 1 A-l-02 

8.08 x 10^ 


/^TA^-IA-I-OO 

D.652X 10^ 


4.32x10" 


-02 


1.32x 10" 


-01 


o cr A A 

2.500 


t AO v> 1 A-t-03 

l.OoX 10^ 


1 AO A-t-03 

1.08x10^ 


1 1 o V ^ 1 A-I-03 

1.13x10^ 


C AOCv^lA+00 

0. 986x10^ 


4.44x10" 


-02 


4.5zxlU 


-01 


O AAA 

C$.000 


t o 1 V ^ 1 A-t-03 

l.dlxlO^ 


1 o^v^i A-t-03 

1.37x10^ 


1 /( V ^ 1 A-t-03 
1.44x10^ 


T OOCv^lA+00 

7.226x10^ 


4.61x10" 


-02 


0.74x111 


-01 


o cr A A 

C$.500 


1.56x10^ 


1 /I V > 1 A-t-03 

1.d4x 10^ 


t To V ^ 1 A-t-03 

1.72x10^ 


T /IAOv^1A+00 

7.402x10^ 


4.70x10" 


-02 


0.35x10 


-01 


4.000 


1.78x10+03 


1.87x10+03 


1.96x10+03 


7.533x10+00 


4.75x10" 


-02 


4.85x10" 


-01 


5.000 


2.13x10+03 


2.23x10+03 


2.34x10+03 


7.711x10+00 


4.82x10" 


-02 


2.68x10" 


-01 


6.000 


2.36x10+03 


2.48x10+03 


2.60x10+03 


7.816x10+00 


4.92x10" 


-02 


2.36x10" 


-01 


7.000 


2.50x10+03 


2.63x10+03 


2.77x10+03 


7.876x10+00 


5.04x10" 


-02 


3.48x10" 


-01 


8.000 


2.58x10+03 


2.71x10+03 


2.86x10+03 


7.906x10+00 


5.16x10" 


-02 


3.82x10" 


-01 


9.000 


2.60x10+03 


2.74x10+03 


2.89x10+03 


7.915x10+00 


5.28x10" 


-02 


3.48x10" 


-01 


10.000 (2.75x10+°^) (2.90x10+03) (3.06xl0+°3) 


(7.973x10+00) (5.35x10- 


-02^ 







Comments: The reaction rate is calculated from the same input information as in 
Powell et al. [190], except that (i) the strengths of the higher-lying resonances (EJ;™ >1 
McV) have been normalized to the weighted average strength of EJ;™=:790 keV from 
Trautvetter [237] and Engel et al. [83], and (ii) the new rate incorporates the updated Q- 
value (see Tab. 1). In total, 9 resonances with energies in the range of E^'"=214-2311 keV 
are taken into account. The partial rates for the EJ^'"=214 and 402 keV resonances have 
been found by numerical integration in order to account for the low-energy resonance 
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0.01 



0.10 1.00 

Temperature (GK) 



10.00 



tails (see Powell et al. [190]). 
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Table B.30: Total thermonuclear reaction rates for ^^Mg(Q:,7)^^Si. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


8.88x10" 


-94 


1.59x10" 


-93 


3.02x10" 


-93 


-2.137xl0"^°2 


6.00x10-01 


5.52x10+00 


0.011 


1.92x10" 


-90 


3.51x10" 


-90 


6.36x10" 


-90 


-2.060 xl0-^°2 


6.00x10-01 


3.08x10+00 


0.012 


1.73x10" 


-87 


3.10x10" 


-87 


5.71x10" 


-87 


-1.992x10^-02 


5.95x10-01 


3.81x10+00 


0.013 


7.49x10" 


-85 


1.34x10" 


-84 


2.48x10" 


-84 


-1.931x10-^02 


6.00x10-01 


2.74x10+00 


0.014 


1.85x10" 


-82 


3.26x10" 


-82 


6.12x10" 


-82 


-1.876x10-^02 


5.96x10-01 


6.23x10+00 


0.015 


2.72x10" 


-80 


4.78x10" 


-80 


8.77x10" 


-80 


-1.826x10^-02 


5.93x10-01 


3.23x10+00 


0.016 


2.60x10" 


-78 


4.58x10" 


-78 


8.42x10" 


-78 


-1.781x10^-02 


5.88x10-01 


2.94x10+00 


0.018 


8.30x10" 


-75 


1.47x10" 


-74 


2.65x10" 


-74 


-1.700x10-^02 


5.84x10-01 


2.27x10+00 


0.020 


9.20x10" 


-72 


1.59x10" 


-71 


2.89x10" 


-71 


-1.630x10^-02 


5.79x10-01 


3.14x10+00 


0.025 


1.39x10" 


-64 


1.40x10" 


-63 


6.03x10" 


-63 


-1.451x10^-02 


1.79x10+00 


7.96x10+01 


0.030 


3.75x10" 


-58 


4.53x10" 


-57 


1.96x10" 


-56 


-1.302x10-^02 


2.13x10+00 


1.41x10+02 


0.040 


4.77x10" 


-50 


5.76x10" 


-49 


2.51x10" 


-48 


-1.116x10-^02 


2.18x10+00 


1.49x10+02 


0.050 


3.20x10" 


-45 


3.90x10" 


-44 


1.69x10" 


-43 


-1.004x10^-02 


2.18x10+00 


1.49x10+02 


0.060 


5.06x10" 


-42 


6.16x10" 


-41 


2.67x10" 


-40 


-9.307x10^-01 


2.17x10+00 


1.48x10+02 


0.070 


9.41x10" 


-40 


1.14x10" 


-38 


4.95x10" 


-38 


-8.784x10-^01 


2.15x10+00 


1.44x10+02 


0.080 


4.69x10" 


-38 


5.61x10" 


-37 


2.42x10" 


-36 


-8.392x10-^01 


2.05x10+00 


1.26x10+02 


0.090 


2.37x10" 


-36 


1.32x10" 


-35 


5.04x10" 


-35 


-8.051x10^-01 


1.53x10+00 


3.67x10+01 


0.100 


2.14x10" 


-34 


8.58x10" 


-34 


2.55x10" 


-33 


-7.631x10-^01 


1.34x10+00 


5.72x10+01 


0.110 


1.33x10" 


-32 


1.23x10" 


-31 


5.20x10" 


-31 


-7.149x10^-01 


1.82x10+00 


8.52x10+01 


0.120 


1.07x10" 


-30 


1.12x10" 


-29 


4.78x10" 


-29 


-6.708x10^-01 


2.05x10+00 


1.41x10+02 


0.130 


4.86x10" 


-29 


5.13x10" 


-28 


2.19x10" 


-27 


-6.328x10^-01 


2.13x10+00 


1.59x10+02 


0.140 


1.28x10" 


-27 


1.35x10" 


-26 


5.75x10" 


-26 


-6.002x10+01 


2.16x10+00 


1.63x10+02 


0.150 


2.16x10" 


-26 


2.27x10" 


-25 


9.71x10" 


-25 


-5.720x10+01 


2.15x10+0" 


1.63x10+02 


0.160 


2.54x10" 


-25 


2.68x10" 


-24 


1.14x10" 


-23 


-5.472x10+01 


2.13x10+00 


1.58x10+02 


0.180 


1.54x10" 


-23 


1.61x10" 


-22 


6.84x10" 


-22 


-5.059x10+01 


2.03x10+00 


1.34x10+02 


0.200 


4.41x10" 


-22 


4.24x10" 


-21 


1.79x10" 


-20 


-4.724x10+01 


1.85x10+00 


9.23x10+01 


0.250 


6.95x10" 


-19 


2.28x10" 


-18 


6.87x10" 


-18 


-4.065x10+01 


1.07x10+00 


1.12x10+01 


0.300 


4.84x10" 


-16 


7.03x10" 


-16 


1.12x10" 


-15 


-3.485x10+01 


4.18x10-01 


2.34x10+01 
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Table B.30 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognormal a A-D 



2.55x10-"! 1.06x10+"! 
1.99x10""! 3.44x10+"° 
1.65x10-"! 4.21x10+"° 
1.37x10-"! 5.58x10+"° 
9.65xl0-"2 3.60x10+"° 
7.73xl0-"2 9.89x10"°! 
7.16xl0-"2 7.53x10"°! 
7.05x10""^ 5.93x10"°! 
7.01x10""^ 5.23x10"°! 
6.79xl0""2 5.88x10"°! 
6.53xl0""2 5.81x10"°! 
6.35xl0"02 6.36x10"°! 
6.23xl0"°2 8.50x10"°! 
5.92x10"°^ 1.65x10+°° 
5.50xl0"°2 2.29x10+°° 
5.16xl0"°2 1.94x10+°° 
5.00xl0"°2 1.49x10+°° 
5.14xl0"°2 1.31x10+°° 
5.59x10"°^ 2.43x10+°° 

(5.67xl0"°2) 

(5.67xl0"°2) 

(5.67xl0"°2) 

(5.67xl0"°2) 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



8.91x10"!'' 
5.15x10"!^ 
1.31x10"!° 
1.87x10""^ 
1.16x10""^ 
2.49x10""^ 
2.62x10""^ 
1.68x10""'' 
7.51x10"""! 
1.16xl0"02 
7.42xl0"°2 
2.85x10"°! 
7.99x10"°! 
3.58x10+°° 
1.04x10+°! 
2.36x10+°! 
4.50x10+°! 
1.17xl0+°2 
2.25xl0+°2 
(3.57xl0+°2) 
(5.08xl0+°2) 
(6.72xl0+°2) 
(8.88xl0+°2) 



1.12x10"!''^ 
6.21xl0"!2 
1.53x10"!" 
2.13x10"°*^ 
1.27x10"°^ 
2.69x10"°*^ 
2.81x10"°^ 
1.80x10"°'' 
8.06x10"°" 
1.24xl0"°2 
7.92xl0"°2 
3.04x10"°! 
8.50x10"°! 
3.79x10+°° 
1.10x10+°! 
2.48x10+°! 
4.72x10+°! 
1.23xl0+°2 
2.38xl0+°2 
(3.77xl0+°2) 
(5.38xl0+°2) 
(7.11xl0+°2) 
(9.40x10+°^) 



1.46x10"!'^ 
7.61xl0"!2 
1.81x10"!" 
2.44x10"°'' 
1.41x10"°^ 
2.91x10"°^' 
3.02x10"°^ 
1.93x10"°" 
8.65x10"°" 
1.33xl0"°2 
8.45xl0"°2 
3.24x10"°! 
9.04x10"°! 
4.02x10+°° 
1.16x10+°! 
2.61x10+°! 
4.97x10+°! 
1.29xl0+°2 
2.52x10+°^ 
(3.99xl0+"2) 
(5.69xl0+°2) 
(7.52xl0+°2) 
(9.94xl0+°2) 



2.980x10+"! 
-2.580x10+"! 
-2.259x10+"! 
-1.997x10+"! 
-1.587x10+"! 
-1.283x10+"! 
-1.048x10+"! 
-8.624x10+"° 
-7.123x10+"° 
-4.388x10+"° 
-2.535x10+"° 
-1.191x10+°° 
-1.626x10"°! 
1.333x10+°° 
2.397x10+°° 
3.211x10+°° 
3.856x10+°° 
4.812x10+°° 
5.473x10+°° 
(5.933x10+°°) 
(6.288x10+°°) 
(6.567x10+°°) 
(6.845x10+°°) 



Comments: For temperatures below Tg « 0.15, the rate of the ^"Mg(a,7)^^Si reaction 
is dominated by direct capture (DC) and by possible, unobserved low-energy resonances 
at E^™ = 197, 530, 821, 932 and 969 keV, which correspond to known states in ^^Si 
at Ea, = 10.182, 10.514, 10.806, 10.916, and 10.953 MeV, respectively [89]. The DC 
component was estimated by scaling a calculated DC rate using relative spectroscopic 
factors for ^"Ne(^Li,d)^*Mg [71,229]. These were converted to absolute spectroscopic 
factors using the same procedure described for the ^°Ne(a,7)^"Mg reaction. Again, to be 
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conservative we have assigned a factor of 2 uncertainty to the DC rate. The 5 possible 
resonances were selected based on their T = assignments and favorable J'^ values, which 
allow for ^ < 3 transfer. Upper limits on the a-particle widths were calculated using a 
potential model for the lower three states. For the upper two states, the results of direct 
(a, 7) measurements [223] were used to determine upper limits on the a-particle widths. 

Resonances have been measured by Smulders and Endt [219], Weinman et al. [251], 
Lyons et al. [158], Maas et al. [160], Cseh et al. [53], and Strandberg et al. [223]. Res- 
onance energies and total widths have been updated using the excitation energies and 
widths appearing in ENDSF [89] and Endt [78,79]. The resonance strengths and partial 
widths that we adopted arc obtained from a weighted average of the published resonance 
strengths, excluding those of Weinman et al. [251], which were reported without uncer- 
tainties. The earler studies used stopping powers and standard resonance strengths that 
arc now considered to be archaic. Nonetheless, there is excellent agreement amongst the 
various data sets and thus no corrections were made. To calculate partial widths, we also 
made use of resonance strengths for the ^^Al(p, a)^^Mg and ^^Al(p,7)^^Si reactions (see 
Paper III for input values). 

Overall, our classical reaction rate is similar to that reported by Strandberg et al. [223] . 
However, at their lowest temperature, Tg = 0.15, our rate is significantly larger because 
we have also included the direct capture and the possible low-energy resonances listed 
above, which have a negligible effect at higher temperatures. 
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Table B.31: Total thermonuclear reaction rates for ^^Mg(p,7)^^Al*. 



T (GK) Low rate Median rate High rate lognormal jj. lognormal a A-D 



0.010 


1.08x10" 


-32 


1.56x10 


-32 


2.27x10 


-32 


-7.324x10+°^ 


3.73x10" 


-01 


1.29x10+°° 


0.011 


6.04x10" 


-31 


8.20x10 


-31 


1.13x10 


-30 


-6.927x10+°^ 


3.17x10" 


-01 


8.12x10+°° 


0.012 


2.85x10" 


-29 


3.77x10 


-29 


4.99x10 


-29 


-6.545 xl0+°i 


2.81x10" 


-01 


6.58x10"°! 


0.013 


1.16x10" 


-27 


1.62x10 


-27 


2.28x10 


-27 


-6.168x10+°^ 


3.37x10" 


-01 


6.46x10+°° 


0.014 


3.55x10" 


-26 


5.10x10 


-26 


7.40x10 


-26 


-5.824x10+°^ 


3.69x10" 


-01 


1.90x10+°° 


0.015 


7.40x10" 


-25 


1.07x10 


-24 


1.57x10 


-24 


-5.519x10+°^ 


3.79x10" 


-01 


7.92x10"°! 


0.016 


1.07x10" 


-23 


1.56x10 


-23 


2.29x10 


-23 


-5.251 xl0+°i 


3.82x10" 


-01 


6.03x10"°! 


0.018 


9.21x10" 


-22 


1.35x10 


-21 


1.98x10 


-21 


-4.806x10+°^ 


3.83x10" 


-01 


5.48x10"°! 


0.020 


3.21x10" 


-20 


4.69x10 


-20 


6.89x10 


-20 


-4.451x10+°^ 


3.83x10" 


-01 


5.37x10"°! 


0.025 


1.82x10" 


-17 


2.67x10 


-17 


3.92x10 


-17 


-3.816x10+°^ 


3.83x10" 


-01 


5.31x10"°! 


0.030 


1.19x10" 


-15 


1.74x10 


-15 


2.55x10 


-15 


-3.398x10+°^ 


3.83x10" 


-01 


5.32x10"°! 


0.040 


2.08x10" 


-13 


3.00x10 


-13 


4.39x10 


-13 


-2.883x10+°^ 


3.76x10" 


-01 


8.47x10"°! 


0.050 


4.90x10" 


-12 


6.82x10 


-12 


9.62x10 


-12 


-2.571x10+°^ 


3.38x10" 


-01 


5.39x10+°° 


0.060 


4.96x10" 


-11 


6.56x10 


-11 


8.73x10 


-11 


-2.344x10+°^ 


2.86x10" 


-01 


1.98x10+°° 


0.070 


3.04x10" 


-10 


3.99x10 


-10 


5.24x10 


-10 


-2.164x10+°^ 


2.75x10" 


-01 


1.00x10+°° 


0.080 


1.30x10" 


-09 


1.72x10 


-09 


2.31x10- 


-09 


-2.017x10+°^ 


2.92x10" 


-01 


7.06x10+°° 


0.090 


4.26x10" 


-09 


5.73x10 


-09 


7.85x10 


-09 


-1.897x10+°^ 


3.07x10" 


-01 


1.30x10+°! 


0.100 


1.19x10" 


-08 


1.60x10 


-08 


2.18x10 


-08 


-1.794x10+°^ 


3.03x10" 


-01 


2.19x10+°! 


0.110 


3.21x10" 


-08 


4.14x10 


-08 


5.48x10 


-08 


-1.699x10+°! 


2.68x10" 


-01 


5.16x10+°! 


0.120 


9.78x10" 


-08 


1.17x10 


-07 


1.43x10 


-07 


-1.595x10+°! 


1.94x10" 


-01 


1.17xl0+°2 


0.130 


3.63x10" 


-07 


4.05x10 


-07 


4.56x10 


-07 


-1.471x10+°! 


1.18x10" 


-01 


7.43x10+°! 


0.140 


1.48x10" 


-06 


1.62x10 


-06 


1.77x10 


-06 


-1.333x10+°! 


9.13x10" 


-02 


1.91x10+°° 


0.150 


5.82x10" 


-06 


6.40x10 


-06 


7.04x10 


-06 


-1.196x10+"! 


9.59x10" 


-02 


1.25x10+"" 


0.160 


2.09x10" 


-05 


2.31x10 


-05 


2.56x10 


-05 


-1.068x10+°! 


1.02x10" 


-01 


1.20x10+°° 


0.180 


1.89x10" 


-04 


2.10x10 


-04 


2.34x10 


-04 


-8.466x10+°° 


1.08x10" 


-01 


8.10x10"°! 


0.200 


1.14x10" 


-03 


1.26x10 


-03 


1.41x10 


-03 


-6.674x10+°° 


1.09x10" 


-01 


7.43x10"°! 


0.250 


2.89x10" 


-02 


3.20x10 


-02 


3.56x10 


-02 


-3.440x10+"° 


1.05x10" 


-01 


1.10x10+"° 


0.300 


2.51x10" 


-01 


2.77x10 


-01 


3.05x10 


-01 


-1.285x10+°° 


9.74x10" 


-02 


1.92x10+°° 
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Table B.31 - continued 



T (GK) Low rate Median rate High rate lognormal fi lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



1.19x10+°" 

3.84x10+°° 

9.69x10+°° 

2.05x10+°! 

6.45x10+°! 

1.50xl0+°2 

2.85xl0+°2 

4.74xl0+°2 

7.19xl0+°2 

1.55xl0+°3 

2.65xl0+°3 

3.95x10+°^ 

5.40xl0+°3 

8.57x10+°^ 

1.19x10+°^ 

1.48x10+°^) 

1.73x10+°^) 

2.20x10+°^) 

2.61x10+°^) 

2.97x10+°^) 

3.30x10+°^) 

3.58x10+°^) 

3.89x10+°^) 



1.29x10+°° 
4.16x10+°° 
1.04x10+°! 
2.19x10+°! 
6.84x10+°! 
1.58xl0+°2 
2.99xl0+°2 
4.98xl0+°2 
7.53xl0+°2 
1.62xl0+°3 
2.77xl0+°3 
4.12x10+°^ 
5.62xl0+°3 
8.88x10+°^ 
1.22x10+°^ 
(1.53x10+°^) 
(1.79x10+°^) 
(2.27x10+°^) 
(2.70x10+°^) 
(3.07x10+°^) 
(3.41x10+04) 
(3.70x10+04) 
(4.03x10+04) 



1.42x10+"° 
4.52x10+°° 
1.12x10+"! 
2.35x10+"! 
7.25x10+"! 
1.66xl0+"2 
3.15xl0+"2 
5.23xl0+"2 
7.91xl0+"2 
1.71xl0+"3 
2.91xl0+"3 
4.32x10+03 
5.88x10+"^ 
9.25x10+03 
1.27x10+04 
(1.58x10+04) 
(1.85xl0+"4) 
(2.35xl0+"4) 
(2.79xl0+"4) 
(3.18xl0+"4) 
(3.52xl0+"4) 
(3.83xl0+"4) 
(4.16xl0+"4) 



2.597x10-°! 
1.427x10+"° 
2.345x10+"° 
3.088x10+"° 
4.226x10+"° 
5.060x10+"° 
5.701x10+"° 
6.211x10+"° 
6.626x10+"° 
7.395x10+00 
7.929x10+00 
8.327x10+00 
8.637x10+00 
9.095x10+00 
9.415x10+00 

(9.633x10+00; 

(9.793x10+00; 

(1.003x10+0!; 

(1.020x10+0!; 

(1.033x10+0!; 

(1.044x10+0!; 

(1.052x10+0!; 

(1.060x10+0!; 



8.94x10-02 2 
8.16xl0-°2 3 
7.45xl0-°2 3 
6.84xl0-"2 3 
5.91xl0-"2 2 
5.32x10-"^ 1 
5.02xl0-"2 1 
4.90xl0-"2 4 
4.88xl0-"2 1 
4.93x10-02 4 
4.90x10-02 8 
4.75x10-02 1 
4.51x10-02 1 
3.98x10-02 1 
3.51x10-02 1 
(3.33x10-02) 
(3.33x10-02) 
(3.33x10-02) 
(3.33x10-02) 
(3.33x10-02) 
(3.33x10-02) 
(3.33x10-02) 
(3.33x10-02) 



,88x10+0° 
,66x10+°° 
,94x10+°° 
,71x10+°° 
,46x10+°° 
,43x10+°° 
,65x10+°° 
,58x10+°° 
,24x10+°! 
,87x10+0! 
,38x10+0! 
,06x10+02 
,18x10+02 
,18x10+02 
,03x10+02 



Comments: Altogether, 82 resonances at energies of E^™ = 37—1761 keV are taken into 
account in calculating the total reaction rates for the formation of either the ground or 
isomeric "^^Ai state. For measured resonances (EJ;™ > 189 keV) the energies and strengths 
are adopted from Endt [78], but the latter values are renormalized using the standard 
values presented in Tab. 1 of Iliadis et al. [131]. For the threshold states the spin-parity 
assignments and the proton partial widths are adopted from Iliadis et al. [128]. For the 
EJ:"* = 37 keV resonance the parity is not known experimentally; we adopt J'^=4+ as 
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predicted by the shell model [128], implying £ = 2 transfer. (Note that this assumption 
differs from the one adopted in Ref. [131] where an upper limit on the proton partial 
width was derived for a p-wave resonance). We disregarded the (ground state) resonance 
strengths measured by Arazi et al. [9] using accelerator mass spectrometry since their 
strength of the 189 keV resonance in particular seems far too small (see also Formicola 
et al. [92]). The direct capture S-factor is adopted from Endt and Rolfs [82]. 
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Table B.32: Total thermonuclear reaction rates for ^^Mg(p,7)2^Als. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


8.40x10" 


-33 


1.22x10 


-32 


1.77x10 


-32 


-7.348x10+°^ 


3.76x10" 


-01 


1.10x10+°° 


0.011 


4.74x10" 


-31 


6.47x10 


-31 


8.93x10 


-31 


-6.951x10+°^ 


3.20x10" 


-01 


5.73x10+°° 


0.012 


2.27x10" 


-29 


3.01x10 


-29 


4.02x10 


-29 


-6.567x10+°! 


2.89x10" 


-01 


1.28x10+°° 


0.013 


9.29x10" 


-28 


1.30x10 


-27 


1.85x10 


-27 


-6.190x10+°! 


3.47x10" 


-01 


6.24x10+°° 


0.014 


2.84x10" 


-26 


4.13x10 


-26 


6.04x10 


-26 


-5.845x10+°! 


3.80x10" 


-01 


1.22x10+°° 


0.015 


5.92x10" 


-25 


8.71x10 


-25 


1.28x10 


-24 


-5.540x10+°! 


3.90x10" 


-01 


2.60x10"°! 


0.016 


8.57x10" 


-24 


1.27x10 


-23 


1.87x10 


-23 


-5.272x10+°! 


3.93x10" 


-01 


1.51x10"°! 


0.018 


7.38x10" 


-22 


1.09x10 


-21 


1.61x10 


-21 


-4.827x10+°! 


3.94x10" 


-01 


1.47x10"°! 


0.020 


2.57x10" 


-20 


3.81x10 


-20 


5.63x10 


-20 


-4.472x10+°! 


3.94x10" 


-01 


1.56x10"°! 


0.025 


1.46x10" 


-17 


2.16x10 


-17 


3.20x10 


-17 


-3.837x10+°! 


3.94x10" 


-01 


1.67x10"°! 


0.030 


9.54x10" 


-16 


1.41x10 


-15 


2.09x10 


-15 


-3.419x10+°! 


3.94x10" 


-01 


1.74x10"°! 


0.040 


1.67x10" 


-13 


2.44x10 


-13 


3.59x10 


-13 


-2.904x10+°! 


3.86x10" 


-01 


4.90x10"°! 


0.050 


3.98x10" 


-12 


5.57x10 


-12 


7.89x10 


-12 


-2.591x10+°! 


3.44x10" 


-01 


6.95x10+°° 


0.060 


4.09x10" 


-11 


5.42x10 


-11 


7.22x10 


-11 


-2.364x10+°! 


2.86x10" 


-01 


3.27x10+°° 


0.070 


2.55x10" 


-10 


3.33x10 


-10 


4.35x10 


-10 


-2.182x10+°! 


2.68x10" 


-01 


2.30x10"°! 


0.080 


1.10x10" 


-09 


1.45x10 


-09 


1.92x10 


-09 


-2.035x10+°! 


2.82x10" 


-01 


2.66x10+°° 


0.090 


3.63x10" 


-09 


4.85x10 


-09 


6.53x10 


-09 


-1.914x10+°! 


2.95x10" 


-01 


6.56x10+°° 


0.100 


1.01x10" 


-08 


1.34x10 


-08 


1.80x10 


-08 


-1.812x10+°! 


2.94x10" 


-01 


1.23x10+°! 


0.110 


2.64x10" 


-08 


3.40x10 


-08 


4.46x10 


-08 


-1.719x10+°! 


2.64x10" 


-01 


3.33x10+°! 


0.120 


7.83x10" 


-08 


9.36x10 


-08 


1.15x10 


-07 


-1.617x10+°! 


1.94x10" 


-01 


9.23x10+°! 


0.130 


2.91x10" 


-07 


3.25x10 


-07 


3.66x10 


-07 


-1.493x10+°! 


1.17x10" 


-01 


6.24x10+°! 


0.140 


1.21x10" 


-06 


1.32x10 


-06 


1.45x10 


-06 


-1.353x10+°! 


9.21x10" 


-02 


1.39x10+"° 


0.150 


4.86x10" 


-06 


5.34x10 


-06 


5.89x10 


-06 


-1.214x10+°! 


9.69x10" 


-02 


1.19x10+"" 


0.160 


1.76x10" 


-05 


1.95x10 


-05 


2.16x10 


-05 


-1.085x10+°! 


1.03x10" 


-01 


1.08x10+"° 


0.180 


1.61x10" 


-04 


1.79x10 


-04 


2.00x10" 


-04 


-8.625x10+°° 


1.08x10" 


-01 


6.57x10"°! 


0.200 


9.71x10" 


-04 


1.08x10 


-03 


1.20x10" 


-03 


-6.830x10+"° 


1.08x10" 


-01 


5.94x10"°! 


0.250 


2.46x10" 


-02 


2.73x10 


-02 


3.03x10 


-02 


-3.602x10+"° 


1.04x10" 


-01 


8.92x10-°! 


0.300 


2.12x10" 


-01 


2.33x10 


-01 


2.57x10 


-01 


-1.455x10+°° 


9.80x10" 


-02 


1.60x10+°° 
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Table B.32 - continued 



T (GK) Low rate Median rate High rate lognormal ji lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



9.91x10-"! 
3.18x10+°" 
7.93x10+"" 
1.66x10+"! 
5.14x10+"! 
1.17xl0+"2 
2.19xl0+"2 
3.60xl0+"2 
5.39xl0+"2 
1.13xl0+°3 
1.89xl0+"3 
2.77xl0+°3 
3.75xl0+°3 
5.87x10+°^ 
8.08x10+°^ 
(9.93x10+°^) 
(1.17x10+°^) 
(1.48x10+°^) 
(1.76x10+0^) 
(2.00x10+°^) 
(2.22x10+°^) 
(2.41x10+04) 
(2.62x10+°^) 



1.08x10+"" 
3.45x10+"" 
8.55x10+"" 
1.78x10+"! 
5.46x10+"! 
1.24x10+"^ 
2.31xl0+"2 
3.78xl0+"2 
5.65xl0+"2 
1.18x10+"^ 
1.98xl0+"3 
2.89x10+°^ 
3.90xl0+"3 
6.08x10+°^ 
8.34x10+°^ 
(1.03x10+04) 
(1.21xl0+°4) 
(1.53xl0+°4) 
(1.82xl0+°4) 
(2.07xl0+°4) 
(2.30xl0+"4) 
(2.49x10+04) 
(2.71xl0+"4) 



1.19x10+"" 
3.75x10+"" 
9.24x10+"" 
1.91x10+"! 
5.81x10+"! 
1.31x10+"^ 
2.43xl0+"2 
3.98xl0+"2 
5.94xl0+"2 
1.24xl0+"3 
2.07xl0+"3 
3.03x10+°^ 
4.08x10+"^ 
6.33x10+03 
8.63x10+03 
(1.06xl0+"4) 
(1.25xl0+"4) 
(1.58x10+"'!) 
(1.88xl0+"4) 
(2.14xl0+"4) 
(2.37xl0+"4) 
(2.58xl0+"4) 
(2.80xl0+"4) 



8.017xl0-"2 
1.238x10+"" 
2.147x10+"" 
2.881x10+"" 
4.001x10+"" 
4.818x10+"" 
5.442x10+"" 
5.936x10+"" 
6.338x10+"" 
7.078x10+"" 
7.591x10+"" 
7.973x10+00 
8.272x10+°" 
8.716x10+00 
9.030x10+00 

(9.237x10+00; 

(9.397x10+00; 

(9.636x10+00; 

(9.808x10+00; 

(9.938x10+00; 

(1.004x10+0!; 

(1.012x10+0!; 

(1.021x10+0!; 



9.05x10-02 2, 
8.32x10-02 3, 
7.64xl0-"2 3, 
7.05xl0-"2 3, 
6.14x10-02 2, 
5.54x10-02 1. 
5.18xl0-"2 1. 
4.98xl0-"2 3. 
4.88xl0-"2 6. 
4.80x10-02 2. 
4.72x10-02 4. 
4.57x10-02 6. 
4.35x10-02 7. 
3.86x10-02 7. 
3.43x10-02 6. 
(3.36x10-02) 
(3.36x10-02) 
(3.36x10-02) 
(3.36x10-02) 
(3.36x10-02) 
(3.36x10-02) 
(3.36x10-02) 
(3.36x10-02) 



51x10+"" 
25x10+0" 
52x10+0" 
40x10+00 
54x10+00 
78x10+00 
97x10+00 
40x10+00 
81x10+00 
46x10+0! 
61x10+0! 
24x10+0! 
22x10+0! 
67x10+0! 
85x10+0! 



Comments: The reaction rates for the formation of the 2^A1 ground state are calculated 
from the same information used to compute the total reaction rates (sec Tab. B.31), but 
in addition the ground state 7-ray branching ratios, /o, have to be taken into account; 
these are adopted from Endt and Rolfs [82], except for the E^™ = 189, 244 and 292 keV 
resonances, for which the more accurate results of Iliadis [124] are used (/o = 0.66,0.76 
and 0.79, respectively). 
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'Mg(p,Y)''A|9 




Temperature (GK) 
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'Mg(p,y)'^A|9 
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Table B.33: Total thermonuclear reaction rates for 
25Mg(p,7)26Al'". 



± {(jIX) 


Low rate 


Median rate 


High rate 


lognormal /i 


lognormal a 


A-D 




n ni n 
u.uiu 


/.ol X iU 


33 


Q /I A 1 A^ 

0.4UX iU 


-33 


A Q7v^ 1 A~ 


33 


7 A nC\ \^ 1 fV 

-/.4(DX iU 


FOl 


Q f?A \^ 1 A 
O.DUX iU 


-01 


1.18x10+°° 


U.Ul 1 


i.zoX lU 


31 


1 7/1 \y 1 n- 
i. ( 4X iU 


-31 


z.oy X lu 


-31 


-( .UozX lU 


H)l 


Q 1 \x 1 A 

o. Iz X lU 


-01 


cr on X / 1 n- 

5.z9x 10 


f 00 


n ni 9 


0. < y X iu 


30 


7 1 A- 


30 


n nn 1 A- 

y.yy X iu 


30 


-6.705x10" 


Hn 


O 7c; 1 A 

Z. / OX iU 


-01 


4.46X 10 


-01 


n ni 


z.zDX iU 


28 


Q 1 O \x 1 A" 
o.izX iU 


28 


A QQ \x 1 A" 
4.00 X lU 


28 


-6.333x10" 


hOl 


o.ol X iU 


-01 


6.65x10" 


fOO 


n ni /I 


D. < < X lU 


27 


n 70 \x 1 A" 

y. ( z X iu 


27 


1 /1 1 \x 1 
1 .41 X lU 


26 


-5.989x10" 


hOl 


O.DOX lU 


-01 


1.82x10" 


fOO 


n ni ^ 


i.4UX lU 


25 


A /I \x 1 A ^ 
Z.U4X iU 


25 


z.yy X lu 


25 


-5.685x10" 


hOl 


Q 7Q w 1 A 

0. loX lU 


-01 


6.04x10" 


-01 


n ni R 


z.UoX iU 


24 


z.yo X iu 


-24 


A Q c; \x 1 A" 
4.ot) X lU 


24 


-5.418x10" 


hOl 


Q Q \x 1 A 
O.OZ X lU 


-01 


4.05x10" 


-01 


n ni s 

U.Ulo 


i. / 4X iU 


22 


Z.OOX iU 


-22 


Q 7c; 1 A- 
O. ^OX iU 


22 


-4.972x10" 


hOl 


O.OOX iU 


-01 


3.57x10" 


-01 


n non 

U.UZU 


D.UoX iU 


21 


o QO \/ 1 A- 

o.sy X iu 


-21 


1 Q 1 \x 1 A" 
l.ol X lU 


20 


-4.617x10" 


hOl 


Q Q Q w 1 A 

o.ooX lU 


-01 


3.52x10" 


-01 


n no^ 


0.4DX iU 


18 


r Ac; 1 A^ 

o.Uox iU 


18 


7 /I O 1 A- 

( .4zX lU 


18 


-3.983x10" 


^01 


O.ooX iU 


-01 


3.51x10" 


-01 


n nQn 
U.UoU 


z.zbx iO 


16 


3.o0x 10 


16 


4.84X 10 


16 


-3.565x10+°^ 


O O O X / 1 A 

3.o3x iU 


-01 


3.61x10" 


-01 


n n/in 

U.U4U 


Q oi \y 1 n- 

o.y i X iu 


14 


c \x 1 A^ 
O.DOX iU 


14 


Q on \x 1 A" 
o.zy X lu 


14 


-3.050x10+°! 


Q 77 XX 1 A 
0. M X lU 


-01 


6.55x10" 


-01 


n nt^n 

U.UOU 


o.y < X iu 


13 


1 \x 1 A" 
i.zDX iU 


12 


1 70 \x 1 A" 

1. ( y X lu 


12 


-2.740x10+°! 


Q /I (5 XX 1 A 

0.40X lU 


-01 


4.71x10+°° 


n nfin 

U.UOU 


o.OZ X iU 


12 


1 1 c; 1 A- 
i.iiDX iU 


11 


1 c; c; 1 f^ — 
l.tltlX lU 


11 


-2.518x10" 


hOl 


O A c; XX 1 A 

z.yox iU 


-01 


3.25x10" 


fOO 


n n7n 
U.U ( u 


r fin 1 

o.uy X iU 


11 


O.D ^ X iU 


11 


C 77 1 A^ 


11 


-2.343x10" 


hOl 


O 7/1 XX 1 A 

z. / 4X iU 


-01 


4.91x10" 


-01 


n nsn 

U.UoU 


O 1 \x 1 fl" 


10 


Q 1 \x 1 A~ 
Z.Oi X iU 


10 


Q 7Q \x 1 A" 
o. ( oX lU 


10 


-2.199x10" 


hOl 


O Q /I XX 1 A 

Z.04X lU 


-01 


4.98x10" 


fOO 


n non 
u.uyu 


/ .UDX lU 


10 


O Q c; \/ 1 A- 

y.ot)X iu 


10 


1 O^? \x 1 A" 
1 .ZD X lU 


09 


-2.078x10" 


hOl 


O A1 XX 1 A 

z.y 1 X lu 


-01 


1.63x10" 


fOl 


n 1 nn 

U. lUU 


z.iOx iU 


09 


O 70 \ / 1 A — 

Z.lZX 10 


-09 


O \/1A — 

3.61 X ID 


09 


-1.971x10" 


hOl 


O 70 X / 1 A 
Z. MX lU 


-01 


4.07x10" 


fOl 


n 1 1 n 

U. i iU 


6.34x10" 


09 


7.78x10- 


-09 


9.82x10" 


09 


-1.866x10+°! 


2.22x10 


-01 


9.07x10" 


fOl 


0.120 


2.08x10" 


08 


2.38x10- 


08 


2.81x10- 


08 


-1.754x10+°! 


1.56x10 


-01 


1.09x10" 


f02 


0.130 


7.36x10- 


08 


8.12x10- 


08 


9.02x10- 


08 


-1.632x10+°! 


1.04x10 


-01 


3.45x10" 


fOl 


0.140 


2.70x10- 


07 


2.93x10" 


07 


3.19x10- 


07 


-1.504x10+°! 


8.37x10 


-02 


6.75x10" 


-01 


0.150 


9.65x10- 


07 


1.05x10" 


06 


1.14x10- 


06 


-1.377x10+°! 


8.46x10 


-02 


3.15x10" 


-01 


0.160 


3.22x10- 


06 


3.53x10" 


-06 


3.86x10- 


06 


-1.256x10+°! 


9.09x10 


-02 


8.64x10" 


-01 


0.180 


2.73x10- 


05 


3.02x10" 


05 


3.33x10- 


05 


-1.041x10+°! 


9.94x10 


-02 


1.41x10+°° 


0.200 


1.61x10- 


04 


1.79x10- 


04 


1.98x10" 


04 


-8.630x10+°° 


1.01x10 


-01 


1.60x10" 


fOO 


0.250 


4.25x10- 


03 


4.68x10" 


-03 


5.15x10" 


03 


-5.365x10+°° 


9.52x10 


-02 


2.30x10+°° 
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Table B.33 - continued 



T (GK) Low rate Median rate High rate lognormal fi lognormal a A-D 



0.300 
0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



3.90xl0-"2 

1.94x10""^ 
6.58x10-"^ 
1.73x10+°" 
3.82x10+°" 
1.30x10+°^ 
3.21x10+°! 
6.46x10+°! 
1.13xl0+°2 
1.78xl0+°2 
4.15xl0+°2 
7.49xl0+°2 
1.16x10+°^ 
1.63x10+°^ 
2.68x10+°^ 
3.76x10+°^ 
4.78x10+°^ 
5.65x10+03) 

7.17x10+°^) 
8.52x10+°^) 
9.70xl0+°3) 
1.08x10+°^) 
1.17x10+°^) 
1.27x10+°^) 



4.25xl0-°2 
2.10x10"°! 
7.06x10-°! 
1.85x10+°" 
4.06x10+°° 
1.37x10+"! 
3.38x10+°! 
6.80x10+"! 
1.19xl0+"2 
1.88xl0+°2 
4.38xl0+°2 
7.88xl0+°2 
1.22x10+°^ 
1.71xl0+°3 
2.79x10+°^ 
3.90x10+°^ 
4.94x10+°^ 
(5.85x10+03) 
(7.42xl0+°3) 
(8.82xl0+°3) 
(1.00x10+°^) 
(1.11x10+04) 
(1.21x10+04) 
(1.32x10+04) 



4.63x10-02 
2.27x10-°! 
7.58x10-°! 
1.97x10+"° 
4.31x10+°" 
1.45x10+"! 
3.56x10+°! 
7.17x10+°! 
1.26xl0+°2 
1.99xl0+°2 
4.66xl0+°2 
8.39x10+02 
1.29x10+°^ 
1.81x10+03 
2.93x10+03 
4.06x10+03 
5.13x10+03 
(6.06x10+03) 
(7.69xl0+°3) 
(9.14xl0+°3) 
(1.04xl0+°4) 
(1.15xl0+°4) 
(1.25xl0+°4) 
(1.36xl0+°4) 



-3.158x10+"° 
-1.562x10+"° 
-3.472x10-°! 
6.151x10-°! 
1.401x10+"" 
2.616x10+"" 
3.520x10+"" 
4.220x10+"" 
4.780x10+"" 
5.238x10+00 
6.087x10+00 
6.676x10+00 
7.112x10+00 
7.450x10+00 
7.938x10+00 
8.271x10+00 
8.507x10+00 
(8.674x10+00) 
(8.913x10+00) 
(9.085x10+00) 
(9.215x10+00) 
(9.318x10+00) 
(9.401x10+00) 
(9.484x10+00) 



8.60x10-02 2 
7.77xl0-"2 2 
7.07xl0-"2 1 
6.50x10-02 1 
6.04x10-02 8 
5.45x10-02 1 
5.27x10 - 02 5 
5.37x10 - 02 2 
5.58x10 - 02 5 
5.78x10 - 02 9 
6.04x10-02 1 
5.96x10-02 2 
5.69x10 - 02 2 
5.35x10-02 2 
4.66x10-02 1 
4.11x10-02 1 
3.71x10-02 1 
(3.52x10-02) 
(3.52x10-02) 
(3.52x10-02) 
(3.52x10-02) 
(3.52x10-02) 
(3.52x10-02) 
(3.52x10-02) 



,64x10+00 
,32x10+00 
,70x10+00 
,21x10+00 
,89x10-01 
,01x10+00 
,46x10+00 
,41x10+01 
,69x10+01 
,35x10+01 
,64x10+02 
,00x10+02 
,15x10+02 
,17x10+02 
,99x10+02 
,65x10+02 
,30x10+02 



Comments: The reaction rates for the formation of the 2^A1 isomeric state at Ej^ = 228 
keV arc calculated from the same information used to compute the total reaction rates 
(see Tab. B.31), but in addition the isomeric state 7-ray branching ratios, 1 — /o, have 
to be taken into account; these are adopted from Endt and Rolfs [82], except for the 
E^"* = 189, 244 and 292 kcV resonances, for which the more accurate results of Iliadis 
[124] are used (/o = 0.66,0.76 and 0.79, respectively). 
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•Mg(p, y)''Al' 



CD 




T9 = 0.06 
A-D = 3.253 



"B.Oe+OO 5.0e-16 1.0e-15 1.5e-15 2.0e-15 ° 1e-11 2e-11 3e-11 4e-11 5e-11 




[_) 1 1 1 1 1 1 1 — 1 1 1 1 1 1 

o 11 12 13 14 15 16 17 ° 160 180 200 220 240 260 



Reaction rate (cm^ mol ^ s ^) 
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Table B.34: Total thermonuclear reaction rates for ^^Mg(p,7)^'^Al. 



T (GK) Low rate Median rate High rate lognormal jj. lognormal a A-D 



0.010 


1.41x10" 


-34 


2.07x10 


-34 


3.23x10 


-34 


-7.753x10+°^ 


4.28x10" 


-01 


5.62x10+°° 


0.011 


1.27x10" 


-32 


2.33x10 


-32 


4.29x10 


-32 


-7.283x10+°^ 


6.05x10- 


-01 


1.65x10+°° 


0.012 


1.03x10" 


-30 


1.90x10 


-30 


3.45x10 


-30 


-6.844 xl0+°i 


6.03x10- 


-01 


2.24x10"°! 


0.013 


4.76x10" 


-29 


8.35x10 


-29 


1.45x10 


-28 


-6.466x10+°^ 


5.59x10- 


-01 


2.60x10"°! 


0.014 


1.28x10" 


-27 


2.13x10 


-27 


3.59x10 


-27 


-6.141x10+°^ 


5.18x10- 


-01 


2.96x10"°! 


0.015 


2.20x10" 


-26 


3.54x10 


-26 


5.71x10 


-26 


-5.861x10+°^ 


4.84x10- 


-01 


3.20x10"°! 


0.016 


2.62x10" 


-25 


4.11x10 


-25 


6.45x10 


-25 


-5.616x10+°^ 


4.57x10- 


-01 


3.78x10"°! 


0.018 


1.59x10" 


-23 


2.39x10 


-23 


3.64x10 


-23 


-5.209x10+°^ 


4.20x10- 


-01 


3.83x10"°! 


0.020 


4.14x10" 


-22 


6.13x10 


-22 


9.13x10 


-22 


-4.885x10+°^ 


4.00x10- 


-01 


4.04x10"°! 


0.025 


1.38x10" 


-19 


2.02x10 


-19 


2.95x10 


-19 


-4.305x10+°^ 


3.83x10- 


-01 


5.17x10"°! 


0.030 


7.26x10" 


-18 


1.09x10 


-17 


1.57x10 


-17 


-3.907x10+°^ 


3.87x10- 


-01 


1.28x10+°° 


0.040 


2.84x10" 


-15 


6.80x10 


-15 


1.57x10 


-14 


-3.264x10+°^ 


7.56x10- 


-01 


3.89x10+°! 


0.050 


4.75x10" 


-13 


1.02x10 


-12 


2.17x10 


-12 


-2.763x10+°^ 


6.75x10- 


-01 


3.62x10+°! 


0.060 


1.85x10" 


-11 


3.35x10 


-11 


6.16x10 


-11 


-2.412x10+°^ 


5.46x10- 


-01 


2.19x10+°! 


0.070 


2.63x10" 


-10 


4.30x10 


-10 


6.95x10 


-10 


-2.158x10+°^ 


4.55x10- 


-01 


1.05x10+°! 


0.080 


2.04x10" 


-09 


3.03x10 


-09 


4.48x10- 


-09 


-1.962x10+°^ 


3.86x10- 


-01 


4.39x10+°° 


0.090 


1.05x10" 


-08 


1.47x10 


-08 


2.04x10 


-08 


-1.804x10+°^ 


3.30x10- 


-01 


1.91x10+°° 


0.100 


4.23x10" 


-08 


5.66x10 


-08 


7.42x10 


-08 


-1.670x10+°^ 


2.84x10- 


-01 


1.51x10+°° 


0.110 


1.48x10" 


-07 


1.90x10 


-07 


2.39x10 


-07 


-1.549x10+°! 


2.42x10- 


-01 


1.14x10+°° 


0.120 


4.97x10" 


-07 


6.10x10 


-07 


7.45x10 


-07 


-1.431x10+°! 


2.03x10- 


-01 


5.11x10"°! 


0.130 


1.72x10" 


-06 


2.04x10 


-06 


2.42x10 


-06 


-1.310x10+°! 


1.69x10- 


-01 


4.75x10"°! 


0.140 


6.23x10" 


-06 


7.13x10 


-06 


8.24x10 


-06 


-1.185x10+°! 


1.40x10- 


-01 


3.73x10+"° 


0.150 


2.24x10" 


-05 


2.50x10 


-05 


2.82x10 


-05 


-1.059x10+°! 


1.17x10- 


-01 


6.06x10+"" 


0.160 


7.60x10" 


-05 


8.35x10 


-05 


9.24x10 


-05 


-9.387x10+°° 


9.88x10- 


-02 


3.82x10+"° 


0.180 


6.66x10" 


-04 


7.20x10 


-04 


7.82x10 


-04 


-7.235x10+°° 


8.02x10- 


-02 


7.35x10"°! 


0.200 


4.04x10" 


-03 


4.33x10 


-03 


4.69x10 


-03 


-5.439x10+"° 


7.43x10- 


-02 


6.64x10"°! 


0.250 


1.09x10" 


-01 


1.17x10 


-01 


1.26x10 


-01 


-2.143x10+"° 


7.26x10- 


-02 


5.93x10-°! 


0.300 


9.90x10" 


-01 


1.06x10+°° 


1.14x10+°° 


6.046xl0-°2 


7.25x10- 


-02 


5.57x10"°! 



166 



Table B.34 - continued 



1 (KjK) 


Low rate 


Median rate 


High rate 


lognormal /i 


lognormal a 


A-U 




U.ooU 




C AO \ / 1 A+00 

o.Oox iO 


5.4DX iU 


i.D/DX iO 


7.15x10" 


-02 


5.88X iU 


-01 


0.400 


1 r o N / 1 A+01 

i.ozx lU 


1 o N , 1 A-l-01 
1.0.3X 10 


i.75x iU 


O 'TAO ^ , A ^^ + 00 

2.79zx iO 


6.99x10" 


-02 


6.18x 10" 


-01 


0.450 


d.77x 10^ 


4.0zx iO^ 


A OAn/1A + 01 

4.dOx iU^ 


O /^A/1 ^, A A + 00 

ci.D94x iO^ 


6.78x10" 


-02 


D.22X iU 


-01 


0.500 


7.7JX 10^ 


o.zjx 10^ 


O O A N / 1 A + 01 

8.80x iU^ 


A A A A , A A + 00 

4.4iix iO^ 


6.57x10" 


-02 


5.86x 10 


-01 


A O A A 

O.oOO 


lU^ 


2.39x 10^ 


o c /I N , 1 A+02 


5.477x 10^ 


6.18x10" 


-02 


4.22x 10 


-01 


0.700 


/I ""Te^ , , 1 /"i-l-02 

4.79 x 10^ 


P" A^> , 1 A-|-02 

5.07x 10^ 


5.37x 10^ 


D.229x 10^ 


5.85x10" 


-02 


2.92x 10 


-01 


A O A A 

0.800 


8.0DX 10^ 


O O A , 1 A-l-02 

8.84x 10^ 


A O /I N , 1 A + 02 

9.o4x 10^ 


n 'Tor N / 1^^+00 

D.785X iO^ 


5.59x10" 


-02 


2.40x 10 


-01 


0.900 


1 O A N / 1 A+03 

i.29x 10^ 


1 o/^ N , 1 A-l-03 

l.ciox 10^ 


1 AO ^ , A A + 03 

1.43x 10^ 


T oiOn,ia+00 

7.212X 10 


5.38x10" 


-02 


O HA N,1A- 

2.61X 10 


-01 


1.000 


i.si X 10 


1 AA ^ , 1 A-l-03 

1.90X 10 


O AA N , 1 A + 03 

z.OOx 10 


^ ccOn,ia+00 

7.552 X 10 


5.20x10" 


-02 


3.66x 10" 


-01 


1 OCA 

l.z50 


o o /I N , 1 A-t-03 

ci.d4x 10^ 


O CAn,1 A-l-03 

cS.50x 10^ 


o p^-., 1 a4-03 

o.dTx 10^ 


O APA N , 1 A + OO 

8.161x10^ 


4.82x10- 


-02 


C A o ^ , A r\- 

5.48X 10 


-01 


1 r A A 

1.500 


C AO ^ , 1 A-t-03 

5.0s X 10^ 


C OA^, 1 A-l-03 

5.o0x 10^ 


c cr /I N , 1 A+03 

5.54X 10^ 


O C ^ , A A+OO 

8.57DX 10^ 


4.50x10- 


-02 


D.28X 10 


-01 


1. ( ou 


6.95x10+03 


7.25x10+03 


7.56x10+03 


8.888x10+00 


4.26x10- 


-02 


1 fiO\/ 1 n- 

/ .DZX iU 


-01 


Z.UUU 


8.96x10+03 


9.33x10+03 


9.70x10+03 


9.140x10+00 


4.08x10- 


-02 


D.iy X iU 


-01 


Z.OUU 


1.34x10+0^ 


1.39x10+04 


1.45x10+04 


9.543x10+00 


3.88x10- 


-02 


o. / oX iU 


-01 


o.UUU 


1.86x10+0^ 


1.94x10+04 


2.01x10+04 


9.871x10+00 


3.77x10- 


-02 


o.y / X lu 


-01 


o.oUU 


2.48x10+0^ 


2.57x10+04 


2.66x10+04 


1.015x10+01 


3.68x10- 


-02 


o.o/ X lU 


-01 


4.000 


3.17x10+0^ 


3.29x10+04 


3.41x10+04 


1.040x10+01 


3.64x10- 


-02 


3.59x10" 


-01 


5.000 


(4.69x10+04) (4.87x10+04) (5.05xl0+"4) 


(1.079x10+01) (3.65x10- 


-02^ 






6.000 


(6.23x10+04) (6.46x10+04) (6.70x10+04) 


(1.108x10+01) (3.65x10- 


-02^ 






7.000 


(7.68x10+04) (7.97x10+04) (8.27xl0+o4) 


(1.129x10+01) (3.65x10- 


-02^ 






8.000 


(9.02x10+04) (9.35x10+04) (9.70x10+04) 


(1.145x10+01) (3.65x10- 


-02^ 






9.000 


(1.02x10+05) (1.06x10+05) (1.10x10+05) 


(1.157x10+01) (3.65x10- 


-02^ 






10.000 (1.15x10+°^) (1.20x10+05) (1.24x10+°^) 


(1.169x10+01) (3.65x10- 


-02^ 







Comments: In total, 133 resonances in the range of £^"^=16-2867 keV are taken into 
account for the calculation of the total rates. The direct capture component is adopted 
from Iliadis ct al. [125]. The measured resonance strengths listed in Endt [78] have been 
normalized to the standard strengths given in Tab. 1 of Iliadis et al. [131]. The rate contri- 
bution of threshold states is estimated by using information from the ^^Mg(3He,d)^''Al 
study of Champagne et al. [41]. These stripping data have been reanalyzed in 2000 
(C. Rowland, priv. comm.) with a modern version of the DWBA code DWUCK4. For 
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Ej.=8324 keV (E^™=53 kcV) wc adopt the ^ = 2 assignment from Ref. [41] (on which 
the value of J'^ = 5/2+ hsted in Ref. [78] was based); however, this assignment must be 
regarded as tentative since a = 3 angular distribution (implying J'^ = 5/2^) fits the 
stripping data almost equally well. Similar arguments apply to E2;=8376 kcV (E^™=105 
keV). Both £ = 1 and £ = 2 angular distributions fit the stripping data. We adopt here 
£ = 1 which seems to fit slightly better, although 1 = 2 was reported in the original 
analysis of Ref. [41] (note also that J'^ = (3/2, 5/2)+ listed in Ref. [78] was based on the 
originally reported £ = 2 value). The quantum numbers of these two levels, and those for 
E^=8361 keV (EJ;'"=90 keV), need to be determined unambiguously in future work. 
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'Mg(p,y)''AI 
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Table B.35: Total thermonuclear reaction rates for ^^Al(p,7)^*Si. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


2.90x10" 


-38 


4.55x10" 


-38 


7.38x10" 


-38 


-8.592x10"^°^ 


8.55x10"°! 


4.46x10+02 


0.011 


8.16x10" 


-37 


1.26x10" 


-36 


2.05x10" 


-36 


-8.257x10^-°^ 


9.90x10"°! 


6.21x10+02 


0.012 


1.52x10" 


-35 


2.37x10" 


-35 


3.93x10" 


-35 


-7.959 xl0-^°i 


1.16x10+00 


7.83x10+02 


0.013 


2.13x10" 


-34 


3.32x10" 


-34 


5.57x10" 


-34 


-7.691 xl0"^°i 


1.35x10+00 


9.41x10+02 


0.014 


2.28x10" 


-33 


3.58x10" 


-33 


6.11x10" 


-33 


-7.447x10"^°^ 


1.58x10+00 


1.07x10+03 


0.015 


1.96x10" 


-32 


3.09x10" 


-32 


5.40x10" 


-32 


-7.222x10^-01 


1.83x10+00 


1.19x10+03 


0.016 


1.41x10" 


-31 


2.23x10" 


-31 


4.12x10" 


-31 


-7.012x10^-01 


2.10x10+00 


1.24x10+03 


0.018 


4.63x10" 


-30 


7.60x10" 


-30 


1.67x10" 


-29 


-6.631x10-^01 


2.68x10+00 


1.26x10+03 


0.020 


9.65x10" 


-29 


1.62x10" 


-28 


1.46x10" 


-27 


-6.282x10^-01 


3.29x10+00 


1.15x10+03 


0.025 


4.34x10" 


-26 


1.14x10" 


-25 


2.63x10" 


-22 


-5.492x10^-01 


4.64x10+00 


5.77x10+02 


0.030 


5.97x10" 


-24 


9.31x10" 


-22 


9.77x10" 


-19 


-4.768x10-^01 


5.30x10+00 


1.64x10+02 


0.040 


1.82x10" 


-18 


3.53x10" 


-16 


2.14x10" 


-14 


-3.615x10-^01 


4.45x10+00 


5.73x10+0! 


0.050 


1.99x10" 


-14 


7.13x10" 


-13 


7.39x10" 


-12 


-2.858x10^-01 


3.05x10+00 


1.23x10+02 


0.060 


8.34x10" 


-12 


1.04x10" 


-10 


3.84x10" 


-10 


-2.352x10^-01 


2.06x10+00 


1.82x10+02 


0.070 


6.14x10" 


-10 


3.15x10" 


-09 


7.21x10" 


-09 


-1.997x10-^01 


1.49x10+00 


2.27x10+02 


0.080 


1.26x10" 


-08 


3.93x10" 


-08 


7.72x10" 


-08 


-1.732x10-^01 


1.23x10+00 


2.53x10+02 


0.090 


1.14x10" 


-07 


2.96x10" 


-07 


5.40x10" 


-07 


-1.528x10^-01 


1.19x10+00 


3.33x10+02 


0.100 


5.96x10" 


-07 


1.53x10" 


-06 


2.74x10" 


-06 


-1.366x10-^01 


1.29x10+00 


4.28x10+02 


0.110 


2.08x10" 


-06 


6.03x10" 


-06 


1.11x10" 


-05 


-1.236x10^-01 


1.44x10+00 


4.72x10+02 


0.120 


5.23x10" 


-06 


1.91x10" 


-05 


3.73x10" 


-05 


-1.128x10^-01 


1.59x10+00 


4.65x10+02 


0.130 


1.07x10" 


-05 


5.05x10" 


-05 


1.06x10" 


-04 


-1.037x10^-01 


1.74x10+00 


4.33x10+02 


0.140 


1.96x10" 


-05 


1.13x10" 


-04 


2.61x10" 


-04 


-9.607x10+00 


1.88x10+00 


3.95x10+02 


0.150 


3.23x10" 


-05 


2.25x10" 


-04 


5.77x10" 


-04 


-8.950x10+0° 


2.00x10+00 


3.57x10+02 


0.160 


5.00x10" 


-05 


4.06x10" 


-04 


1.16x10" 


-03 


-8.381x10+0° 


2.11x10+00 


3.24x10+02 


0.180 


1.02x10" 


-04 


1.06x10" 


-03 


3.71x10" 


-03 


-7.447x10+"" 


2.29x10+00 


2.73x10+02 


0.200 


1.76x10" 


-04 


2.23x10" 


-03 


9.33x10" 


-03 


-6.716x10+"" 


2.44x10+"" 


2.36xl0+"2 


0.250 


4.54x10" 


-04 


7.95x10" 


-03 


4.66x10" 


-02 


-5.443x10+"" 


2.70x10+"" 


1.78x10+02 


0.300 


6.92x10" 


-04 


1.68x10" 


-02 


1.23x10" 


-01 


-4.696x10+0° 


2.89x10+0° 


1.43x10+02 
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Table B.35 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



1.19x10""^^ 
1.59xl0""3 

2.00xl0-"3 
2.43xl0-"3 
3.60xl0-"3 

5.90x10""^^ 
1.03xl0-°2 
1.80x10-02 

3.10x10-°^ 
1.03x10-°! 

(2.58x10-°! 

(5.26x10-°! 

(9.45x10-°! 

(2.19x10+°° 

(4.01x10+°° 

(6.15x10+°° 

(8.69x10+°° 

(1.38x10+°! 

(1.76x10+°! 

(1.97x10+°! 

(1.96x10+°! 

(1.79x10+°! 

(1.54x10+°! 



3.00xl0-°2 
4.36xl0-°2 
5.68xl0-"2 
6.90xl0-°2 
8.96xl0-°2 
1.11x10"°! 
1.32x10-°! 
1.61x10-°! 
1.82x10-°! 
3.33x10-°! 

(5.84x10-°! 

(9.94x10-°! 

(1.57x10+°° 

(3.29x10+°° 

(5.72x10+°° 

(8.76x10+°° 

(1.21x10+°! 

(1.93x10+°! 

(2.50x10+°! 

(2.79x10+°! 

(2.77x10+°! 

(2.50x10+°! 

(2.13x10+°! 



2.51x10-"! 
4.05x10""! 
5.80x10-"! 
7.63x10-"! 
1.12x10+"" 
1.39x10+"" 
1.61x10+"" 
1.78x10+°" 
1.92x10+°" 
2.10x10+°" 
(2.32x10+°" 
(2.71x10+°" 
(3.35x10+°° 
(5.51x10+°" 
(8.73x10+°" 
(1.28x10+°! 
(1.75x10+°! 
(2.78x10+°! 
(3.64x10+°! 
(4.04x10+°! 
(4.00x10+°! 
(3.54x10+°! 
(3.00x10+°! 



-4.076x10+"° 
-3.665x10+"° 
-3.349x10+"° 
-3.090x10+"° 
-2.679x10+"° 
-2.323x10+"° 
-2.008x10+"° 
-1.719x10+"° 
-1.464x10+"° 
-8.180x10-°! 
(-2.774x10-°! 
(1.937x10-°! 
(6.051x10-°! 
(1.271x10+°° 
(1.788x10+°° 
(2.190x10+°° 
(2.513x10+°° 
(2.973x10+°° 
(3.230x10+°° 
(3.338x10+°° 
(3.333x10+°° 
(3.225x10+°° 
(3.066x10+°° 



2.91x10+"" 
2.92x10+"" 
2.91x10+"" 
2.86x10+"" 
2.73x10+"" 
2.52x10+"" 
2.31x10+"" 
2.11x10+"" 
1.91x10+"" 
1.51x10+°° 

(1.19x10+°°) 

(9.58x10-°!) 

(7.84x10-°!) 

(5.64x10-°!) 

(4.47x10-°!) 

(3.89x10-°!) 

(3.63x10-°!) 

(3.57x10-°!) 

(3.63x10-°!) 

(3.63x10-°!) 

(3.58x10-°!) 

(3.46x10-°!) 

(3.33x10-°!) 



1.17xl0+°2 
9.50x10+°! 
7.62x10+°! 
5.92x10+°! 
3.28x10+°! 
1.87x10+°! 
1.72x10+°! 
2.53x10+°! 
4.82x10+°! 
9.72x10+°! 



Comments: Four resonances, none of them observed directly, are taken into account 
for calculating the total reaction rates. The energy of the lowest-lying resonance (EJ:"* = 
137 ± 29 keV) is calculated from the measured excitation energy of Ej, = 3441 ± 10 
keV [210]. Based on a comparison to the shell model and to the ^^Ne mirror nucleus 
structure, this level corresponds most likely to = "^t- The energies of the remaining 
three resonances are computed by using the Coulomb shift calculations of Ref. [119]. For 
the energy uncertainties we assume a value of ±150 keV, which should be regarded as a 
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0.01 0.10 1.00 



Temperature (GK) 

rough estimate only. (Note that the Coulomb shift calculations of Ref. [119] overpredict 
the energy of the level by 180 keV.) All proton and 7-ray partial widths used here are 
based on the shell model results of Ref. [119]. The direct capture S-factor is calculated 
using shell model spectroscopic factors and is in reasonable agreement with Ref. [119]. 
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23 



Al(p, y)^'Si 



T9 = 0.03 
A-D = 164.2 




O.Oe+00 5.0e-23 1.0e-22 1.5e-22 2.0e-22 



T9 = 0.06 
A-D = 181.5 




"O.Oe+OO 5.0e-11 1.0e-10 1.5e-10 2.0e-10 



T9 = 0.1 
A-D = 427.5 




Oe+00 2e-06 4e-06 6e-06 8e-06 1e-05 



T9 = 0.3 
A-D = 143 



0.000 0.001 0.002 0.003 0.004 0.005 



T9 = 0.6 
A-D = 32.82 




0.00 0.01 



0.02 



0.03 



0.04 



0.05 




Reaction rate (cm^ mol ^ s ^) 
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Table B.36: Total thermonuclear reaction rates for ^^Al(p,7)^^Si. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


9.69x10" 


-38 


1.55x10" 


-37 


2.62x10" 


-37 


-8.451 xl0"^°i 


1.45x10+00 


1.01x10+03 


0.011 


2.62x10" 


-36 


4.25x10" 


-36 


7.27x10" 


-36 


-8.118x10^-01 


1.51x10+00 


1.03x10+03 


0.012 


4.90x10" 


-35 


7.97x10" 


-35 


1.38x10" 


-34 


-7.822x10^-01 


1.57x10+00 


1.06x10+03 


0.013 


6.70x10" 


-34 


1.09x10" 


-33 


1.91x10" 


-33 


-7.557x10-^01 


1.63x10+00 


1.08x10+03 


0.014 


7.08x10" 


-33 


1.16x10" 


-32 


2.02x10" 


-32 


-7.318x10-^01 


1.69x10+00 


1.11x10+03 


0.015 


6.05x10" 


-32 


9.99x10" 


-32 


1.80x10" 


-31 


-7.100x10^-01 


1.74x10+00 


1.11x10+03 


0.016 


4.40x10" 


-31 


7.11x10" 


-31 


1.29x10" 


-30 


-6.900x10^-01 


1.79x10+00 


1.13x10+03 


0.018 


1.40x10" 


-29 


2.33x10" 


-29 


4.30x10" 


-29 


-6.546x10-^01 


1.89x10+00 


1.13x10+03 


0.020 


2.80x10" 


-28 


4.63x10" 


-28 


9.12x10" 


-28 


-6.240x10^-01 


1.98x10+00 


1.12x10+03 


0.025 


1.15x10" 


-25 


1.92x10" 


-25 


4.40x10" 


-25 


-5.623x10^-01 


2.18x10+00 


1.10x10+03 


0.030 


1.10x10" 


-23 


1.91x10" 


-23 


1.17x10" 


-22 


-5.147x10-^01 


2.35x10+00 


1.02x10+03 


0.040 


8.85x10" 


-21 


1.63x10" 


-20 


1.52x10" 


-18 


-4.438x10-^01 


2.64x10+00 


8.24x10+02 


0.050 


1.08x10" 


-18 


2.17x10" 


-18 


5.65x10" 


-16 


-3.920x10^-01 


2.84x10+00 


6.50x10+02 


0.060 


4.33x10" 


-17 


1.10x10" 


-16 


3.77x10" 


-14 


-3.512x10^-01 


2.94x10+00 


4.78x10+02 


0.070 


8.29x10" 


-16 


5.36x10" 


-15 


8.32x10" 


-13 


-3.178x10-^01 


2.98x10+00 


3.40x10+02 


0.080 


1.00x10" 


-14 


1.99x10" 


-13 


9.91x10" 


-12 


-2.898x10-^01 


2.96x10+00 


2.59x10+02 


0.090 


8.78x10" 


-14 


3.77x10" 


-12 


7.72x10" 


-11 


-2.658x10^-01 


2.89x10+00 


2.20x10+02 


0.100 


5.66x10" 


-13 


4.22x10" 


-11 


4.49x10" 


-10 


-2.451x10-^01 


2.82x10+00 


2.24x10+02 


0.110 


3.20x10" 


-12 


2.83x10" 


-10 


2.11x10" 


-09 


-2.272x10^-01 


2.73x10+00 


2.12x10+02 


0.120 


1.85x10" 


-11 


1.51x10" 


-09 


8.20x10" 


-09 


-2.112x10^-01 


2.62x10+00 


2.17x10+02 


0.130 


1.04x10" 


-10 


6.15x10" 


-09 


2.67x10" 


-08 


-1.969x10^-01 


2.48x10+00 


2.15x10+02 


0.140 


5.70x10" 


-10 


2.11x10" 


-08 


7.81x10" 


-08 


-1.840x10+01 


2.33x10+00 


2.01x10+02 


0.150 


2.74x10" 


-09 


6.38x10" 


-08 


2.08x10" 


-07 


-1.720x10+01 


2.16x10+0" 


1.77x10+02 


0.160 


1.16x10" 


-08 


1.76x10" 


-07 


5.12x10" 


-07 


-1.610xl0+"i 


1.99x10+00 


1.47x10+02 


0.180 


1.33x10" 


-07 


1.02x10" 


-06 


2.69x10" 


-06 


-1.412x10+01 


1.69x10+00 


9.35x10+01 


0.200 


1.03x10" 


-06 


4.82x10" 


-06 


1.24x10" 


-05 


-1.239x10+01 


1.47x10+00 


6.98x10+01 


0.250 


4.84x10" 


-05 


1.29x10" 


-04 


3.45x10" 


-04 


-8.896x10+00 


1.19x10+00 


6.10x10+01 


0.300 


6.98x10" 


-04 


1.62x10" 


-03 


4.28x10" 


-03 


-6.333x10+00 


1.03x10+00 


4.98x10+01 
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Table B.36 - continued 



T (GK) Low rate Median rate High rate lognornial /i lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



5.20x10-"^^ 

2.35x10""^ 
7.66xl0-"2 

1.97x10-"! 
8.00x10-"! 
2.15x10+°" 
4.49x10+°" 
7.84x10+°" 
1.21x10+°! 
2.60x10+°! 
(4.23x10+°! 
(6.29x10+°^ 
(8.57x10+°! 
(1.33xl0+°2 
(1.80xl0+°2 
(2.24xl0+°2 
(2.66xl0+°2 
(3.40xl0+°2 
(4.08xl0+°2 
(4.67xl0+°2 
(5.23xl0+°2 
(5.76xl0+°2 
(6.35xl0+°2 



l.llxl0-°2 
4.76xl0-°2 
1.47x10-°! 
3.61x10-°! 
1.38x10+°° 
3.52x10+°° 
7.01x10+°° 
1.19x10+°! 
1.79x10+°! 
3.65x10+°! 
(5.90x10+°! 
(8.79x10+°^ 
(1.20x10+°^ 
(1.86xl0+°2 
(2.51xl0+°2 
(3.13xl0+°2 
(3.71xl0+°2 
(4.75xl0+°2 
(5.69xl0+°2 
(6.52xl0+°2 
(7.30x10+°^ 
(8.05xl0+°2 
(8.86xl0+°2 



2.74xl0-°2 

1.09x10-°! 

3.15x10-°! 

7.28x10-°! 

2.51x10+"° 

5.91x10+"° 

1.11x10+"! 

1.81x10+"! 

2.65x10+"! 

5.14x10+"! 
(8.24x10+°! 
(1.23xl0+°2 
(1.67xl0+°2 
(2.60xl0+°2 
(3.51xl0+°2 
(4.37xl0+°2 
(5.18xl0+°2 
(6.63xl0+°2 
(7.95xl0+°2 
(9.10xl0+°2 
(1.02xl0+°3 
(1.12xl0+°3 
(1.24xl0+°3 



-4.429x10+"° 
-2.990x10+"° 
-1.872x10+"° 
-9.818x10-°! 
3.396x10-°! 
1.268x10+"" 
1.952x10+"° 
2.473x10+"° 
2.883x10+"° 
3.593x10+"° 
(4.078x10+"° 
(4.476x10+°° 
(4.785x10+°° 
(5.226x10+0° 
(5.527x10+0° 
(5.747x10+0° 
(5.916x10+0° 
(6.162x10+0° 
(6.345x10+0° 
(6.480x10+0° 
(6.594x10+0° 
(6.690x10+0° 
(6.787x10+0° 



9.00x10-"! 2, 
8.00x10-"! 1, 
7.21x10-"! 9, 
6.58x10-"! 5. 
5.67x10-"! 2, 



5.03x10" 



6 



4.57x10-°! 2 
4.23x10-"! 3 
3.96x10-°! 5 
3.51x10"°! 1 
(3.34x10-°!) 
(3.34x10-0!) 
(3.34x10-°!) 
(3.34x10-01) 
(3.34x10-01) 
(3.34x10-01) 
(3.34x10-01) 
(3.34x10-01) 
(3.34x10-01) 
(3.34x10-01) 
(3.34x10-01) 
(3.34x10-01) 
(3.34x10-01) 



79x10+"! 
68x10+"! 
94x10+"° 
89x10+"° 
02x10+°° 
05x10-°! 
88x10-°! 
55x10-°! 
05x10-°! 
16x10+°° 



Comments: The total rate has contributions from the direct capture process and from 
5 resonances located at E^"* = 190 — 730 keV. The direct capture S-factor as well as the 
proton and 7-ray partial widths of the resonances are based on the shell- model [119]. 
Our rate does not take into account several potentially important systematic effects. 
First, only one level has been observed in ^^Si within 1 MeV of the proton threshold, 
at Ej; = 3820 ± 20 kcV, but its spin-parity is unknown. Second, the energies of the 
resonances at EJ;™ = 190, 500, 510 and 730 keV are not based on experimental excitation 
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0.01 0.10 1.00 



Temperature (GK) 

energies, but arc derived from Coulomb shift calculations [119]; the adopted value of 100 
keV for the resonance energy uncertainty must be regarded as a rough value only. Third, 
the Coulomb displacement energy calculations of Ref. [119] use as a starting point the 
experimental excitation energies of the ^''Na mirror nucleus; however, for several of these 
states the spin-parities are also unknown and thus have been based on a comparison to 
the shell model. Fourth, a number of levels observed in the mirror nucleus ^^Na remain 
unaccounted for in the derivation of the reaction rates, although their contributions are 
expected to be small [119]. 
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^Al(p, y)^'Si 




° Oe+OO 2e-12 4e-12 6e-12 8e-12 1e-11 ° 0.000 0.010 0.020 0.030 




Reaction rate (cm^ mol ^ s ^) 
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Table B.37: Total thermonuclear reaction rates for ^^Al(p,7)^^Si. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 




0.010 


1.01x10" 


-37 


1.46x10 


-37 


2.13x10 


-37 


-8.481x10+°^ 


3.77x10" 


-01 


2.76x10" 


-01 


0.011 


2.77x10" 


-36 


4.05x10 


-36 


5.90x10 


-36 


-8.150x10+°^ 


3.81x10" 


-01 


1.12x10" 


-01 


0.012 


5.26x10" 


-35 


7.70x10 


-35 


1.11x10 


-34 


-7.856x10+°! 


3.74x10" 


-01 


3.08x10" 


-01 


0.013 


7.07x10" 


-34 


1.04x10 


-33 


1.50x10 


-33 


-7.595x10+°! 


3.79x10" 


-01 


2.72x10" 


-01 


0.014 


7.60x10" 


-33 


1.10x10 


-32 


1.60x10 


-32 


-7.359x10+°! 


3.73x10" 


-01 


1.62x10" 


-01 


0.015 


6.44x10" 


-32 


9.35x10 


-32 


1.37x10 


-31 


-7.144x10+°! 


3.80x10" 


-01 


2.58x10" 


-01 


0.016 


4.64x10" 


-31 


6.69x10 


-31 


9.78x10 


-31 


-6.947x10+°! 


3.73x10" 


-01 


6.15x10" 


-01 


0.018 


1.46x10" 


-29 


2.17x10 


-29 


3.18x10 


-29 


-6.600x10+°! 


3.89x10" 


-01 


2.61x10" 


-01 


0.020 


2.94x10" 


-28 


4.28x10 


-28 


6.32x10 


-28 


-6.301x10+°! 


3.79x10" 


-01 


4.21x10" 


-01 


0.025 


1.17x10" 


-25 


1.69x10 


-25 


2.45x10 


-25 


-5.704x10+°! 


3.81x10" 


-01 


3.36x10" 


-01 


0.030 


1.12x10" 


-23 


1.63x10 


-23 


2.39x10 


-23 


-5.247x10+°! 


3.80x10" 


-01 


3.57x10" 


-01 


0.040 


8.85x10" 


-21 


1.28x10 


-20 


1.86x10 


-20 


-4.580x10+°! 


3.78x10" 


-01 


3.43x10" 


-01 


0.050 


1.80x10" 


-18 


2.42x10 


-18 


3.23x10 


-18 


-4.056x10+°! 


2.94x10" 


-01 


3.11x10" 


-01 


0.060 


3.05x10" 


-16 


4.34x10 


-16 


6.23x10 


-16 


-3.537x10+°! 


3.65x10" 


-01 


8.56x10" 


-01 


0.070 


1.94x10" 


-14 


2.84x10 


-14 


4.12x10 


-14 


-3.119x10+°! 


3.79x10" 


-01 


4.91x10" 


-01 


0.080 


4.61x10" 


-13 


6.69x10 


-13 


9.75x10 


-13 


-2.803x10+°! 


3.77x10" 


-01 


3.62x10" 


-01 


0.090 


5.34x10" 


-12 


7.71x10 


-12 


1.12x10 


-11 


-2.558x10+°! 


3.74x10" 


-01 


3.70x10" 


-01 


0.100 


3.74x10" 


-11 


5.39x10 


-11 


7.86x10 


-11 


-2.364x10+°! 


3.72x10" 


-01 


4.67x10" 


-01 


0.110 


1.82x10" 


-10 


2.62x10 


-10 


3.81x10 


-10 


-2.206x10+°! 


3.71x10" 


-01 


5.16x10" 


-01 


0.120 


6.72x10" 


-10 


9.69x10 


-10 


1.40x10 


-09 


-2.075x10+°! 


3.70x10" 


-01 


5.39x10" 


-01 


0.130 


2.04x10" 


-09 


2.93x10 


-09 


4.22x10 


-09 


-1.965x10+°! 


3.66x10" 


-01 


6.79x10" 


-01 


0.140 


5.50x10" 


-09 


7.75x10 


-09 


1.10x10 


-08 


-1.867x10+°! 


3.52x10" 


-01 


1.02x10+"° 


0.150 


1.44x10" 


-08 


1.98x10 


-08 


2.73x10 


-08 


-1.774x10+°! 


3.20x10" 


-01 


1.01x10+"° 


0.160 


4.03x10" 


-08 


5.43x10 


-08 


7.37x10 


-08 


-1.673x10+"! 


3.00x10" 


-01 


3.63x10" 


-01 


0.180 


3.71x10" 


-07 


5.50x10 


-07 


8.06x10 


-07 


-1.441x10+°! 


3.92x10" 


-01 


8.62x10" 


-01 


0.200 


3.40x10" 


-06 


5.41x10 


-06 


8.39x10 


-06 


-1.213x10+"! 


4.53x10" 


-01 


2.20x10" 


-01 


0.250 


2.57x10" 


-04 


4.13x10 


-04 


6.48x10 


-04 


-7.798x10+"° 


4.69x10" 


-01 


5.35x10" 


-01 


0.300 


4.55x10" 


-03 


7.29x10 


-03 


1.14x10 


-02 


-4.925x10+°° 


4.66x10" 


-01 


6.07x10" 


-01 
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Table B.37 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



3.42x10-02 

1.52x10-°^ 
4.73x10-"! 
1.16x10+"" 
4.26x10+"" 
1.04x10+"! 
1.98x10+"! 
3.22x10+"! 
4.69x10+"! 
8.87x10+°! 
1.32xl0+°2 
1.71xl0+"2 
2.07x10+°^ 
2.62x10+"^ 
2.98xl0+"2 
3.73x10+02 
4.42x10+02 
5.65x10+02 
6.73x10+02 
7.69x10+02 
8.56x10+02 
9.36x10+02 
1.02x10+03 



5.48x10-02 
2.43x10""! 
7.56x10-"! 
1.84x10+"" 
6.77x10+"" 
1.66x10+"! 
3.16x10+"! 
5.12x10+"! 
7.41x10+"! 
1.38x10+02 
2.03x10+02 
2.60x10+02 
3.08x10+02 
3.79x10+02 
(4.28x10+02) 
(5.35x10+02) 
(6.34x10+02) 
(8.10x10+02) 
(9.65x10+02) 
(1.10x10+03) 
(1.23x10+03) 
(1.34x10+03) 
(1.47x10+03) 



8.54x10-02 
3.77x10-"! 
1.17x10+"" 
2.85x10+"" 
1.05x10+"! 
2.56x10+"! 
4.87x10+"! 
7.88x10+"! 
1.14x10+02 
2.12x10+02 
3.08x10+02 
3.91x10+02 
4.60x10+02 
5.54x10+02 
(6.14x10+02) 
(7.67x10+02) 
(9.10x10+02) 
(1.16x10+03) 
(1.38x10+03) 
(1.58x10+03) 
(1.76x10+03) 
(1.93x10+03) 
(2.10x10+03) 



-2.907x10+0" 
-1.420x10+0" 
-2.848x10-"! 
6.071x10-"! 
1.909x10+0" 
2.803x10+0" 
3.449x10+0" 
3.931x10+00 
4.302x10+00 
4.930x10+00 
5.313x10+00 
5.565x10+00 
5.738x10+00 
5.949x10+00 
(6.059x10+00 
(6.282x10+00 
(6.453x10+00 
(6.697x10+00 
(6.873x10+00 
(7.006x10+00 
(7.113x10+00 
(7.202x10+00 
(7.292x10+00 



4.63x10-0! 6 
4.61x10-0! 6 
4.60x10-0! 6 
4.59x10-01 6 
4.57x10-01 6 



4.56x10" 



6 



+0" 4.55x10-01 6 



4.53x10-01 5 



4.51x10-01 5 
4.42x10-01 3 
4.31x10-01 2 
4.18x10-01 3 
4.04x10-01 4 
3.80x10-01 8 
(3.60x10-01) 
(3.60x10-01) 
(3.60x10-01) 
(3.60x10-01) 
(3.60x10-01) 
(3.60x10-01) 
(3.60x10-01) 
(3.60x10-01) 
(3.60x10-01) 



,42x10-0! 
,59x10-"! 
,72x10-"! 
,76x10-"! 
,62x10-"! 
,36x10-"! 
,00x10-"! 
,54x10-"! 
,00x10-"! 
,56x10-°! 
,77x10-"! 
,22x10-01 
,67x10-°! 
,96x10-01 



Comments: The value of Qp-y=5513.7±0.5 keV is obtained from Eronen et al. [84]. 
In total, 6 resonances in the range of E^"*=163-965 keV are taken into account. For 
gcTO _ j^gg^ ^Qj YqS[ the energies arc obtained from the adjusted excitation 

energies of Wrede [259]. Note that, unlike Ref. [259], we prefer to calculate all resonance 
energies from excitation energies. In particular, we do not use the proton energy from 
the /3-delaycd proton decay of 26p since it is less precise than the value derived from 
the excitation energy. For E^™ = 806, 882 and 965 keV the energies are found from the 
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AKp.Y^Si 



o 

cc 



c 
g 

o 

cc 

cu 




0.01 



0.10 

Temperature (GK) 



1.00 



excitation energies listed in column 1 of Tab. I in Parpottas et al. [188]; however, we added 
an average value of 8 keV, by which the excitation energies measured in Ref. [188] seem 
to be too low (see comments in Ref. [259]). For the spin and parity assignments of the 
first three resonances, we follow the suggestions of Parpottas et al. [188] and Bardayan 
et al. [19]. In particular, the assignments advocated in Caggiano et al. [35] and Bardayan 
et al. [15] disagree with the measured ^^Si(p,t)^^Si angular distribution of the £^,=5921 
keV level (Bardayan et al. [19]). This level has most likely a spin and parity of J'^=3"'". 
For the last three resonances the J'' values are uncertain, but note that the reported 
values of 2+, 2+, 0+ [188] are inconsistent both with the known level scheme of the ^^Mg 
mirror and the shell model. Spectroscopic factors, 7-ray partial widths and the direct 
capture S-factor are adopted from Iliadis et al. [128]. In particular, we use for the former 
two quantities the shell-model values listed in their Tab. XL The resonance at EJ;™=5 
keV, corresponding to a ^^Si level at Ea,=5518 keV, makes a negligible contribution to 
the total rates. 
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25 



AI(p,y)''Si 





T9 = 0.06 
A-D = 0.8562 



1e-23 2e-23 3e-23 4e-23 5e-23 



5.0e-16 1.0e-15 1.5e-15 2.0e-15 




T9 = 0.1 
A-D = 0.467 



iiln I I 

~— ±L 




19 = 0.3 
A-D = 0.6066 



5.0e-11 1.0e-10 1.5e-10 2.0e-10 



' 0.00 



0.01 



0.02 



0.03 



0.04 




T9 = 0.6 
A-D = 0.6622 



30 



40 




Reaction rate (cm^ mol ^ s ^) 
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Table B.38: Total thermonuclear reaction rates for ^^A15(p,7)2'^Si. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


2.80x10" 


-37 


4.09x10 


-37 


6.00x10 


-37 


-8.379x10+°^ 


3.85x10"°^ 


1.56x10"°! 


0.011 


7.60x10- 


-36 


1.12x10 


-35 


1.63x10 


-35 


-8.048x10+°^ 


3.84x10"°^ 


4.69x10"°! 


0.012 


1.44x10" 


-34 


2.11x10 


-34 


3.09x10 


-34 


-7.754 xl0+°i 


3.84x10"°^ 


2.14x10"°! 


0.013 


2.05x10" 


-33 


2.99x10 


-33 


4.31x10 


-33 


-7.489x10+°^ 


3.77x10"°^ 


5.83x10"°! 


0.014 


2.42x10" 


-32 


3.59x10 


-32 


5.30x10 


-32 


-7.240x10+°^ 


3.94x10"°^ 


3.36x10"°! 


0.015 


2.50x10" 


-31 


4.07x10 


-31 


7.48x10 


-31 


-6.992x10+°^ 


5.61x10"°! 


6.17x10+°! 


0.016 


2.19x10" 


-30 


4.57x10 


-30 


1.27x10 


-29 


-6.744x10+°^ 


8.46x10"°! 


1.18xl0+°2 


0.018 


1.39x10" 


-28 


6.05x10 


-28 


2.28x10 


-27 


-6.271x10+°^ 


1.27x10+°° 


7.85x10+°! 


0.020 


9.63x10" 


-27 


4.78x10 


-26 


1.67x10 


-25 


-5.844x10+°^ 


1.37x10+°° 


8.08x10+°! 


0.025 


6.69x10" 


-23 


2.73x10 


-22 


8.07x10 


-22 


-4.982x10+°^ 


1.34x10+°° 


1.29x10+°^ 


0.030 


2.98x10" 


-20 


1.49x10 


-19 


5.89x10 


-19 


-4.349x10+°^ 


1.53x10+°° 


6.75x10+°! 


0.040 


8.04x10" 


-17 


7.35x10 


-16 


3.13x10 


-15 


-3.515x10+°^ 


1.77x10+°° 


1.90xl0+°2 


0.050 


1.53x10" 


-14 


1.25x10 


-13 


5.21x10 


-13 


-2.997x10+°^ 


1.69x10+°° 


1.57xl0+°2 


0.060 


8.08x10" 


-13 


3.91x10 


-12 


1.54x10 


-11 


-2.637x10+°^ 


1.41x10+°° 


6.36x10+°! 


0.070 


2.29x10" 


-11 


5.71x10 


-11 


1.81x10 


-10 


-2.349x10+°^ 


9.65x10"°! 


8.51x10+°! 


0.080 


5.33x10" 


-10 


7.80x10 


-10 


1.48x10- 


-09 


-2.086x10+°^ 


5.18x10"°! 


2.91x10+°^ 


0.090 


7.78x10" 


-09 


9.54x10 


-09 


1.25x10 


-08 


-1.844x10+°^ 


2.56x10"°! 


1.63xl0+°2 


0.100 


6.95x10" 


-08 


8.17x10 


-08 


9.68x10 


-08 


-1.632x10+°^ 


1.69x10"°! 


6.49x10+°° 


0.110 


4.24x10" 


-07 


4.94x10 


-07 


5.76x10 


-07 


-1.452 xl0+°i 


1.52x10"°! 


4.50x10"°! 


0.120 


1.93x10" 


-06 


2.24x10 


-06 


2.60x10 


-06 


-1.301 xl0+°i 


1.49x10"°! 


3.55x10"°! 


0.130 


7.00x10" 


-06 


8.10x10 


-06 


9.39x10 


-06 


-1.172x10+°^ 


1.47x10"°! 


4.78x10"°! 


0.140 


2.12x10" 


-05 


2.45x10 


-05 


2.83x10 


-05 


-1.062x10+01 


1.44x10"°! 


6.12x10"°! 


0.150 


5.59x10" 


-05 


6.41x10 


-05 


7.38x10 


-05 


-9.653x10+°° 


1.40x10"°! 


7.95x10""! 


0.160 


1.31x10" 


-04 


1.50x10 


-04 


1.72x10 


-04 


-8.803x10+°° 


1.35x10""! 


1.05x10+"" 


0.180 


5.66x10" 


-04 


6.38x10 


-04 


7.22x10 


-04 


-7.355x10+"" 


1.22x10""! 


1.71x10+"" 


0.200 


1.92x10" 


-03 


2.13x10 


-03 


2.38x10 


-03 


-6.149x10+"" 


1.08x10""! 


2.02x10+"" 


0.250 


2.13x10" 


-02 


2.30x10 


-02 


2.49x10 


-02 


-3.770x10+"" 


7.81xl0-"2 


8.01x10-"! 


0.300 


1.31x10" 


-01 


1.40x10 


-01 


1.50x10 


-01 


-1.964x10+°° 


6.63xl0"°2 


6.20x10"°! 
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Table B.38 - continued 



T (GK) Low rate Median rate High rate lognormal ji lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



5.38x10-°! 
1.62x10+°° 
3.89x10+°° 
7.88x10+°° 
2.26x10+°! 
4.72x10+°! 
8.15x10+°! 
1.24xl0+°2 
1.73xl0+°2 
3.20xl0+°2 
4.90xl0+°2 
6.75xl0+°2 
9.44xlO+°2 
1.57x10+°^ 
2.21x10+°^ 
2.84x10+°^ 
3.43x10+03 

4.49x10+°^ 
5.43xl0+°3 
6.22x10+°^ 
6.96x10+°^ 
7.63x10+°^ 
8.37x10+°^ 



5.74x10"°! 
1.74x10+°° 
4.19x10+"° 
8.50x10+°° 
2.45x10+°! 
5.14x10+°! 
8.87x10+°! 
1.35xl0+°2 
1.88xl0+°2 
3.45xl0+°2 
5.25xl0+°2 
7.19xl0+°2 
(1.01xlO+°3) 
(1.67xl0+°3) 
(2.36xl0+°3) 

(3.03x10+°^) 
(3.65x10+03) 
(4.78xl0+°3) 
(5.78x10+03) 
(6.62x10+03) 
(7.42x10+03) 
(8.13x10+03) 
(8.91x10+03) 



6.12x10"°! 
1.86x10+"° 
4.50x10+"° 
9.18x10+"° 
2.65x10+"! 
5.59x10+"! 
9.66x10+°! 
1.47xl0+"2 
2.04x10+"^ 
3.73xl0+"2 
5.64xl0+"2 
7.67x10+02 
(1.07x10+03) 
(1.78x10+03) 
(2.51xl0+°3) 
(3.22xl0+°3) 
(3.89xl0+°3) 
(5.09xl0+°3) 
(6.16xl0+°3) 
(7.05xl0+°3) 
(7.90xl0+°3) 
(8.66xl0+°3) 
(9.49xl0+°3) 



-5.554x10-°! 
5.518x10"°! 
1.432x10+"" 
2.140x10+"" 
3.197x10+"" 
3.939x10+"" 
4.485x10+"" 
4.904x10+"" 
5.237x10+"" 
5.844x10+°° 
6.265x10+00 
6.578x10+00 

(6.914x10+0°; 

(7.422x10+00; 

(7.764x10+00; 

(8.015x10+00; 

(8.204x10+00; 

(8.472x10+00; 

(8.663x10+00; 

(8.798x10+00; 

(8.912x10+00; 

(9.003x10+00; 

(9.095x10+00; 



6.59x10-02 4, 
6.93xl0-°2 5. 
7.33xl0-°2 5, 
7.67xl0-°2 5, 
8.15xl0"°2 3, 
8.41x10"°^ 3, 
8.51xl0"°2 2. 
8.47xl0"°2 2. 
8.33xl0-°2 3. 
7.70xl0-°2 6. 
6.97xl0-°2 8. 
6.37x10-02 6. 
(6.32xl0-°2) 
(6.32x10-02) 
(6.32x10-02) 
(6.32x10-02) 
(6.32x10-02) 
(6.32x10-02) 
(6.32x10-02) 
(6.32x10-02) 
(6.32x10-02) 
(6.32x10-02) 
(6.32x10-02) 



45x10"°! 
24x10"°! 
83x10"°! 
45x10"°! 
81x10"°! 
05x10"°! 
64x10-°! 
86x10"°! 
46x10-°! 
19x10-°! 
21x10-°! 
89x10-01 



Comments: Measured resonance energies and strengths are reported in Vogelaar [247]. 
For the strength of the E5;'"=189 keV resonance, the weighted average of the values pre- 
sented in Vogelaar [247] and Ruiz ct al. [207] has been adopted. For almost all resonances 
below E^™ = 500 keV, including the E°'"=189 keV resonance and the threshold states, 
resonance energies are computed from the excitation energies determined by Lotay et 
al. [156]. For unobserved low-energy resonances, we compute proton partial widths using 
C2S<1 and £ = 0, except: (i) for E^™ = 68 keV, for which the lowest possible orbital an- 
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0.01 0.10 1.00 



Temperature (GK) 

gular momentum is £ = 2 [156]; (ii) for ~ 127 kcV, for which an s-wavc spectroscopic 
factor of C2S<0.002 has been measured by Ref. [249] (assuming J'^ = 9/2+ [156]); and 
(iii) for EJ;'" = 231 keV, where a proton width upper limit has been computed from the 
experimental upper limit of the resonance strength [247] (assuming J'^ = 5/2+ [156]). 
In total, 19 resonances with EJ;'"=6-895 keV are taken into account. The direct capture 
component is adopted from the calculation of Champagne et al. [42] . 
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Table B.39: Total thermonuclear reaction rates for ^^Al(p,7)^*Si. 



T (GK) Low rate Median rate High rate lognormal /x lognormal a A-D 



0.010 
0.011 
0.012 
0.013 
0.014 
0.015 
0.016 
0.018 
0.020 
0.025 
0.030 
0.040 
0.050 
0.060 
0.070 
0.080 
0.090 
0.100 
0.110 
0.120 
0.130 
0.140 
0.150 
0.160 
0.180 
0.200 
0.250 
0.300 



3.30x10"^^ 

9.13x10-3'' 

1.70x10-3^ 

2.38x10-23 
2.81x10-32 

2.92x10-31 
2.70x10-30 
1.84x10-2^ 
1.31x10-2'' 
6.60x10-23 
2.03x10-20 
2.41x10-1^ 
1.59x10-15 
2.95x10-1^ 
9.71x10-13 

3.78x10-11 

7.61x10-10 

8.71x10-'^^ 

6.44x10-*^^ 

3.40x10-*^^ 

1.39x10-'^^ 

4.64x10-'^^ 

1.32x10-'^^ 

3.28x10-'^^ 

1.52x10-0^ 

5.26x10-0^ 
5.44xl0-'^3 

2.97xl0-'^2 



4.88x10-37 
1.35x10-35 
2.50x10-34 
3.46x10-33 
4.11x10-32 
4.74x10-31 
5.76x10-3'^ 
9.75x10-28 
8.04x10-26 
2.65x10-22 
7.00x10-2'^ 
8.33x10-17 
5.64x10-15 
9.66x10-1* 
1.50x10-12 
4.44x10-11 
8.64x10-10 
9.79x10-09 
7.16x10-08 
3.76x10-07 
1.52x10-06 
5.06x10-06 
1.43x10-05 
3.55x10-05 
1.63x10-04 
5.61x10-04 
5.71x10-03 
3.08x10-02 



7.14x10-37 
1.96x10-35 
3.66x10-34 
5.03x10-33 
5.87x10-32 
7.59x10-31 
1.33x10-29 
2.96x10-27 
2.51x10-25 
7.48x10-22 
1.60x10-19 
1.68x10-16 
1.29x10-14 
2.43x10-13 
2.69x10-12 
5.22x10-11 
9.84x10-10 
1.10x10-08 
7.98x10-08 
4.15x10-07 
1.67x10-06 
5.51x10-06 
1.55x10-05 
3.84x10-05 
1.75x10-04 
5.98x10-04 
5.99x10-03 
3.20x10-02 



-8.361x10+01 
-8.030x10+01 
-7.737x10+01 
-7.474x10+01 
-7.228x10+01 
-6.983x10+01 
-6.730x10+01 
-6.237x10+01 
-5.803x10+01 
-4.987x10+01 
-4.431x10+01 
-3.728x10+01 
-3.303x10+01 
-3.010x10+01 
-2.717x10+01 
-2.384x10+01 
-2.087x10+01 
-1.844x10+01 
-1.645x10+01 
-1.479x10+01 
-1.339x10+01 
-1.219x10+01 
-1.116x10+01 
-1.025x10+01 
-8.721x10+00 
-7.485x10+00 
-5.166x10+00 
-3.479x10+00 



3.87x10-01 
3.84x10-01 
3.86x10-01 
3.78x10-01 
3.68x10-01 
4.65x10-01 
7.34x10-01 
1.23x10+00 
1.37x10+00 
1.26x10+00 
1.14x10+00 
1.09x10+00 
1.13x10+00 
1.02x10+00 
4.59x10-01 
1.60x10-01 
1.31x10-01 
1.19x10-01 
1.08x10-01 
1.00x10-01 
9.37x10-02 
8.82x10-02 
8.34x10-02 
7.92x10-02 
7.17x10-02 
6.47x10-02 
4.89x10-02 
3.76x10-02 



5.26x10-01 
9.71x10-01 
2.42x10-01 
2.42x10-01 
1.84x10+00 
2.42x10+00 
2.53x10+01 
8.16x10+01 
9.57x10+01 
8.05x10+01 
1.27x10+02 
1.92x10+02 
1.51x10+02 
7.66x10+01 
5.65x10+01 
9.78x10-01 
7.53x10-01 
5.99x10-01 
4.73x10-01 
4.00x10-01 
3.28x10-01 
2.85x10-01 
3.08x10-01 
3.42x10-01 
3.14x10-01 
2.39x10-01 
5.28x10-01 
4.99x10-01 
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Table B.39 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



1.12x10""! 
3.30x10-°! 
8.20x10-0! 
1.79x10+"" 
6.52x10+"" 
1.83x10+"! 
4.25x10+"! 
8.52x10+"! 
1.53xl0+"2 
4.62xl0+"2 
1.01xl0+"3 
1.82x10+°^ 
2.88xl0+°3 
5.62x10+03 

8.89x10+°^ 
1.24x10+°* 
1.58x10+°* 
2.19x10+°* 
2.68x10+°* 
3.03x10+°* 
3.27x10+°* 
3.43x10+°* 
3.52x10+°* 



1.16x10-"! 
3.40x10-"! 
8.44x10-"! 
1.84x10+"" 
6.72x10+"" 
1.89x10+"! 
4.39x10+"! 
8.80x10+"! 
1.58xl0+"2 
4.76xl0+"2 
1.04xlO+"3 
1.87x10+°^ 
2.96xl0+"3 
5.76x10+°^ 
9.10x10+°^ 
1.27x10+°* 
1.62x10+°* 
2.24x10+°* 
2.74x10+°* 
3.10x10+°* 
3.35x10+°* 
3.51x10+°* 
3.60x10+°* 



1.19x10-"! 
3.50x10-"! 
8.68x10-"! 
1.90x10+"" 
6.94x10+"" 
1.95x10+"! 
4.54x10+"! 
9.11x10+"! 
1.63xl0+"2 
4.94xl0+"2 
1.08xl0+"3 
1.94x10+°^ 
3.05xl0+°3 
5.92x10+°^ 
9.34x10+°^ 
1.30x10+°* 
1.65x10+°* 
2.30x10+°* 
2.80x10+°* 
3.17x10+°* 
3.42x10+°* 
3.59x10+°* 
3.68x10+°* 



-2.158x10+"" 
-1.078x10+"" 
-1.699x10-"! 
6.124x10-"! 
1.906x10+"" 
2.939x10+"" 
3.782x10+"" 
4.478x10+"" 
5.061x10+"" 
6.169x10+"" 
6.952x10+°" 
7.538x10+°° 
7.995x10+"" 
8.660x10+°° 
9.117x10+°° 
9.446x10+°° 
9.691x10+°° 
1.002x10+°! 
1.022x10+°! 
1.034x10+°! 
1.042x10+°! 
1.047x10+°! 
1.049x10+°! 



3.17xl0-"2 
2.94xl0-"2 
2.89xl0-"2 
2.95xl0-"2 
3.15x10-"^ 
3.28x10-"^ 
3.35xl0-"2 
3.41xl0-"2 
3.46xl0-"2 
3.50xl0-"2 
3.42xl0-°2 
3.25xl0-°2 
3.07xl0-"2 
2.76xl0-°2 
2.55xl0-°2 
2.44xl0-°2 
2.38xl0-°2 
2.32xl0-°2 
2.30xl0-°2 
2.29xl0-°2 
2.30xl0-°2 
2.31xl0-°2 
2.32xl0-°2 



5.66x10-°! 
4.40x10-°! 
3.54x10"°! 
2.85x10-°! 
8.06x10-°! 
1.20x10+°° 
2.05x10+°° 
3.80x10+°° 
6.87x10+°° 
1.72x10+°^ 
2.56x10+°^ 
2.85x10+°^ 
2.74x10+°^ 
1.81x10+°^ 
9.74x10+°° 
5.20x10+°° 
3.09x10+°° 
1.55x10+°° 
1.01x10+°° 
8.15x10"°! 
7.45x10"°! 
6.89x10"°! 
6.83x10"°! 



Comments: A total of 109 resonances at energies of EJ;"* = 72 — 3818 keV are taken 
into account for calculating the reaction rates. The strengths of measured resonances 
^gcrn ^ 296 keV [79,44,116]) are renormalized to the standard strengths listed in Tab. 1 
of Iliadis et al. [131]. For the contribution of threshold states and direct capture, see the 
comments in Ref. [131]. 
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'AI(p,y)''Si 
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Table B.40: Total thermonuclear reaction rates for ^^Al(p,a)^^Mg. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


3.11x10" 


-40 


9.05x10" 


-40 


2.08x10" 


-39 


-9.000x10"^°^ 


9.20x10-01 


2.13x10+01 


0.011 


9.83x10- 


-39 


2.96x10" 


-38 


6.96x10" 


-38 


-8.652 xl0-^°^ 


9.49x10-01 


2.43x10+01 


0.012 


3.24x10" 


-37 


1.24x10" 


-36 


3.27x10" 


-36 


-8.285x10^-01 


1.13x10+00 


4.74x10+01 


0.013 


1.65x10" 


-35 


1.22x10" 


-34 


3.56x10" 


-34 


-7.845 xl0"^°i 


1.51x10+00 


1.06x10+02 


0.014 


1.11x10" 


-33 


9.73x10" 


-33 


2.88x10" 


-32 


-7.417x10"^°^ 


1.72x10+00 


1.51x10+02 


0.015 


5.08x10" 


-32 


4.56x10" 


-31 


1.35x10" 


-30 


-7.036 xl0-^°i 


1.79x10+00 


1.68x10+02 


0.016 


1.46x10" 


-30 


1.32x10" 


-29 


3.88x10" 


-29 


-6.700 xl0-^°i 


1.80x10+00 


1.71x10+02 


0.018 


4.02x10" 


-28 


3.56x10" 


-27 


1.03x10" 


-26 


-6.139x10"^°^ 


1.74x10+00 


1.64x10+02 


0.020 


3.55x10" 


-26 


3.07x10" 


-25 


8.90x10" 


-25 


-5.691x10^-01 


1.67x10+00 


1.53x10+02 


0.025 


1.33x10" 


-22 


9.13x10" 


-22 


2.58x10" 


-21 


-4.883 xl0-^°i 


1.50x10+00 


1.20x10+02 


0.030 


3.73x10" 


-20 


1.86x10" 


-19 


5.10x10" 


-19 


-4.343x10-^°! 


1.35x10+00 


9.91x10+01 


0.040 


4.21x10" 


-17 


1.50x10" 


-16 


3.62x10" 


-16 


-3.666 xl0-^°i 


1.17x10+00 


1.01x10+02 


0.050 


2.66x10" 


-15 


9.11x10" 


-15 


1.87x10" 


-14 


-3.259 xl0-^°i 


1.10x10+00 


1.28x10+02 


0.060 


4.07x10" 


-14 


1.38x10" 


-13 


2.62x10" 


-13 


-2.989 xl0-^°i 


1.08x10+00 


1.39x10+02 


0.070 


2.78x10" 


-13 


9.11x10" 


-13 


1.81x10" 


-12 


-2.797x10-^°^ 


1.06x10+00 


1.26x10+02 


0.080 


1.22x10" 


-12 


3.84x10" 


-12 


7.78x10" 


-12 


-2.650 xl0-^°i 


9.93x10-01 


9.38x10+01 


0.090 


4.77x10" 


-12 


1.31x10" 


-11 


2.61x10" 


-11 


-2.522x10^-01 


8.75x10-01 


6.04x10+01 


0.100 


1.85x10" 


-11 


4.34x10" 


-11 


8.51x10" 


-11 


-2.394x10-^°! 


8.06x10-01 


2.67x10+01 


0.110 


6.62x10" 


-11 


1.52x10" 


-10 


3.25x10" 


-10 


-2.264x10^-°! 


8.68x10-01 


6.84x10+00 


0.120 


2.14x10" 


-10 


5.37x10" 


-10 


1.37x10" 


-09 


-2.135x10^-01 


9.83x10-01 


2.21x10+00 


0.130 


6.24x10" 


-10 


1.84x10" 


-09 


5.10x10" 


-09 


-2.014x10^-01 


1.08x10+00 


2.41x10+00 


0.140 


1.74x10" 


-09 


5.72x10" 


-09 


1.61x10" 


-08 


-1.904x10+01 


1.13x10+00 


7.21x10+00 


0.150 


4.57x10" 


-09 


1.56x10" 


-08 


4.35x10" 


-08 


-1.806x10+01 


1.15x10+0" 


1.16x10+01 


0.160 


1.11x10" 


-08 


3.83x10" 


-08 


1.04x10" 


-07 


-1.717x10+01 


1.14x10+00 


1.26x10+01 


0.180 


5.69x10" 


-08 


1.75x10" 


-07 


4.55x10" 


-07 


-1.561x10+01 


1.02x10+00 


5.78x10+00 


0.200 


2.96x10" 


-07 


6.76x10" 


-07 


1.54x10" 


-06 


-1.418x10+01 


7.92x10-01 


6.58x10+00 


0.250 


2.31x10" 


-05 


2.84x10" 


-05 


3.61x10" 


-05 


-1.045x10+01 


2.42x10-01 


1.91x10+01 


0.300 


6.43x10" 


-04 


7.67x10" 


-04 


9.18x10" 


-04 


-7.173x10+00 


1.77x10-01 


4.71x10-01 
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Table B.40 - continued 



1 ) 


Low rate 


Median rate 


High rate 


lognormal /i 


lognormal a 


A-U 




U.ooU 


7 /I Q 1 03 
(.4oXiO 


O QQ 1 A — 03 


1 (\c\ 1 (\ — 02 
i.UOX iU 


-4. (ZOX iU 


1.77x10" 


-01 


O.DUX iU 


-01 


(J. 400 


4.70x10 


c: c n N / 1 A — 02 

5.59x10 


D.DOXlO 


-2.88DX 10 


1.73x10- 


-01 


0.15X 10 


-01 


0.450 


1.98x10 


O O'Jn/IA — 01 


O ^7/^ N / 1 A — 01 


-1.45DX 10^ 


1.68x10" 


-01 


o.OOx 10 


-01 


0.500 


D. 25x10 


7.00X10 


O CAn/IA — 01 

8.59x11) 


-0.119x10 


1.62x10" 


-01 


0.21X 10 


-01 


n A A 

O.dOO 


o.5ox 10^ 


4.11X lU^^^ 


A 'If N , 1 A-l-00 


1.41ox 10^ 


1.49x10" 


-01 


3.75x 10" 


-01 


0.700 


1.27x 10^ 


1.45x 10^ 


1.d5x 10^ 


o r"^ A > , 1 A-l-00 

2.671 X 10^ 


1.35x10" 


-01 


4.45x 10 


-01 


n OA A 

0.800 


0.44X 10^ 


0.88X 10^ 


A O C N , 1 A-^01 

4.o5x 10^ 


o.d55x 10^ 


1.21x10" 


-01 


3.86x10- 


-01 


0.900 


^7 no ^ , A A+01 

7.92x10^ 


O OA^,A A-l-01 

8.81X 10^ 


A ^ A , A A + 01 

9.74X 10^ 


A /I ^7^7 N / 1 A + 00 

4.477 X 10 


1.06x10" 


-01 


3.55x 10- 


-01 


1 AAA 

1.000 


1 ccx, in+02 

1.55x10 


1 OA ^ , A A-l-02 

1.81X 10 


1 AO N , 1 A-^02 

1.98X 10 


C 1AOn/1A + 00 

5.198X 10 


9.16x10" 


-02 


A A n ^ , A r\- 

4.17X 10 


-01 


1 OCA 

l.z50 


7 AA N , 1 A-t-02 

7.90 X 10^ 


O , A A-l-02 

8.47X 10^ 


A ACn/1A-+-02 

9.05X 10^ 


C ^AA ^,1A-|-00 

0.741x10^ 


6.93x10- 


-02 


0.15X 10 


-01 


1 r A A 

1.500 


O TA ^ , 1 A-t-03 

i.79x 10^ 


o a'7n,ia-I-03 

2.97X 10^ 


O 1 T N , 1 A + 03 

0.17X 10^ 


n AAT^, A A-l-00 

7.997X 10^ 


6.59x10- 


-02 


2.41x10 


-01 


1 '7Kr\ 
1. / ou 


7.69x10+°^ 


8.19x10+03 


8.75x10+03 


9.012x10+00 


6.48x10- 


-02 


4.oy X iu 


-01 


Z.UUU 


1.76x10+°^ 


1.86x10+0" 


1.98x10+0"* 


9.833x10+00 


6.19x10- 


-02 


a A Af\- 
D.iDX iU 


-01 


Knn 
z.ouu 


6.08x10+°^ 


6.40x10+04 


6.77x10+04 


1.107x10+01 


5.44x10- 


-02 


/ .11 X lU 


-01 


o.UUU 


1.47x10+°^ 


1.54x10+05 


1.62x10+05 


1.195x10+01 


4.79x10- 


-02 


4. /aX lU 


-01 


Q KCtCt 

o.oUU 


2.85x10+°^ 


2.97x10+05 


3.10x10+05 


1.260x10+01 


4.32x10- 


-02 


Z.4oX lU 


-01 


4.000 


4.72x10+°^ 


4.91x10+05 


5.11x10+05 


1.311x10+01 


3.98x10- 


-02 


2.40x10- 


-01 


5.000 


(1.19x10+°^) (1.24x10+°^) (1.29xl0+"6) 


(1.403x10+01) (3.95x10- 


-02^ 






6.000 


(2.44x10+06) (2.54x10+°^) (2.65x10+0^) 


(1.475x10+01) (3.95x10- 


-02^ 






7.000 


(4.28x10+°^) (4.45x10+°^) (4.63x10+°^) 


(1.531x10+01) (3.95x10- 


-02^ 






8.000 


(6.73x10+°^) (7.00x10+°*^) (7.29x10+°^) 


(1.576x10+01) (3.95x10- 


-02^ 






9.000 


(9.74x10+06) (1.01x10+07) (1.05x10+07) 


(1.613x10+01) (3.95x10- 


-02^ 






10.000 (1.41x10+°'^) (1.47x10+°^) (1.53x10+0^) 


(1.650x10+01) (3.95x10- 


-02^ 







Comments: A total of 91 resonances at energies of E^™ = 72 — 2966 keV are taken 
into account for calculating the reaction rates. The strengths of measured resonances 
j-gcm > ^gy JjqY) g^j-g adopted from Endt [79] . Note that no carefully measured (that is, 
standard) strength exists for this reaction. For the contribution of threshold states, see 
the comments in Iliadis et al. [131]. The levels at E^^ = 11933.5, 11985 and 12015.2 keV 
(EJ:™ = 348, 400, 431 kcV) have ambiguous J'^ assignments. Here we disregard these 
states based on the unnatural parity assignments (53 , Ig", 3g ) from the shell model; see 
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Al(p, a)^^Mg 




0.01 0.10 1.00 



Temperature (GK) 

Endt and Booten [80]. 
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Al(p, a)^^Mg 
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Table B.41: Total thermonuclear reaction rates for ^^Si(p,7)^^P. 



T (GK) Low rate Median rate High rate lognormal /x lognormal a A-D 



0.010 
0.011 
0.012 
0.013 
0.014 
0.015 
0.016 
0.018 
0.020 
0.025 
0.030 
0.040 
0.050 
0.060 
0.070 
0.080 
0.090 
0.100 
0.110 
0.120 
0.130 
0.140 
0.150 
0.160 
0.180 
0.200 
0.250 
0.300 



8.24x10"^° 
2.68x10"^^ 
5.80x10"^^ 
9.05xl0-3'5 
1.10x10"=^^ 
1.04x10-^3 
8.18x10-33 
3.16x10-31 
7.36x10-30 
4.01x10-2^ 
4.91x10-25 
5.28x10-22 
7.90x10-20 
4.11x10-1^ 
1.30x10-1'' 
7.04x10-15 
5.05x10-13 

1.84x10-11 
3.04x10-10 
3.36x10-09 
2.50x10-08 
1.39x10-07 
6.06x10-07 
2.19x10-00 
1.79x10-05 
9.00x10-05 
1.35x10-03 
7.19x10-03 



1.21x10-39 
3.90x10-38 
8.48x10-37 
1.33x10-35 
1.59x10-34 
1.52x10-33 
1.21x10-32 
4.64x10-31 
1.09x10-29 
5.84x10-27 
7.13x10-25 
7.77x10-22 
1.18x10-19 
6.80x10-18 
6.54x10-16 
9.88x10-1* 
5.41x10-12 
1.38x10-10 
1.75x10-09 
1.51x10-08 
9.24x10-08 
4.31x10-07 
1.62x10-06 
5.09x10-06 
3.32x10-05 
1.46x10-04 
2.10x10-03 
1.24x10-02 



1.76x10-39 
5.68x10-38 
1.25x10-36 
1.96x10-35 
2.32x10-34 
2.21x10-33 
1.78x10-32 
6.80x10-31 
1.60x10-29 
8.60x10-27 
1.05x10-24 
1.15x10-21 
1.82x10-19 
3.34x10-17 
1.30x10-14 
1.28x10-12 
4.51x10-11 
7.85x10-10 
7.75x10-09 
5.30x10-08 
2.65x10-07 
1.04x10-06 
3.40x10-06 
9.56x10-06 
5.47x10-05 
2.25x10-04 
3.14x10-03 
1.88x10-02 



-8.962x10+01 
-8.614x10+01 
-8.305x10+01 
-8.031x10+01 
-7.782x10+01 
-7.557x10+01 
-7.350x10+01 
-6.985x10+01 
-6.670x10+01 
-6.040x10+01 
-5.560x10+01 
-4.860x10+01 
-4.352x10+01 
-3.902x10+01 
-3.440x10+01 
-2.992x10+01 
-2.606x10+01 
-2.286x10+01 
-2.031x10+01 
-1.815x10+01 
-1.634x10+01 
-1.480x10+01 
-1.347x10+01 
-1.231x10+01 
-1.039x10+01 
-8.873x10+00 
-6.193x10+00 
-4.457x10+00 



3.81x10-01 
3.84x10-01 
3.82x10-01 
3.90x10-01 
3.81x10-01 
3.85x10-01 
3.87x10-01 
3.86x10-01 
3.89x10-01 
3.87x10-01 
3.90x10-01 
3.92x10-01 
6.24x10-01 
1.49x10+00 
2.23x10+00 
2.42x10+00 
2.23x10+00 
1.91x10+00 
1.66x10+00 
1.43x10+00 
1.23x10+00 
1.06x10+00 
9.24x10-01 
8.06x10-01 
6.28x10-01 
5.14x10-01 
4.44x10-01 
5.21x10-01 



2.47x10-01 
2.89x10-01 
2.44x10-01 
2.60x10-01 
4.79x10-01 
4.31x10-01 
3.22x10-01 
2.89x10-01 
2.97x10-01 
2.02x10-01 
7.40x10-01 
7.48x10-01 
2.44x10+02 
5.58x10+02 
1.59x10+02 
1.47x10+01 
1.16x10+01 
1.45x10+01 
2.85x10+01 
3.70x10+01 
4.62x10+01 
5.57x10+01 
6.39x10+01 
6.89x10+01 
6.19x10+01 
3.62x10+01 
1.56x10+01 
5.53x10+01 
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Table B.41 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognorinal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



2.15xl0-"2 
4.69xl0""2 
8.39x10-02 
1.31x10""! 
2.48x10""! 
3.76x10""! 
5.01x10""! 
6.23x10""! 
7.36x10""! 
1.05x10+"" 
1.50x10+°° 
2.27x10+°° 
3.43x10+°" 
7.29x10+°° 
1.35x10+°! 
2.24x10+°! 
3.46x10+°! 
6.88x10+°! 
1.16xl0+°2 
1.74xl0+°2 
2.39x10+°^ 
3.06x10+°^ 
3.74xl0+°2 



4.32xl0""2 
1.06x10""! 
2.09x10""! 
3.51x10""! 
7.38x10""! 
1.21x10+"" 
1.70x10+"" 
2.17x10+"" 
2.62x10+"" 
3.56x10+°" 
4.41x10+°° 
5.36x10+°° 
6.65x10+°" 
1.13x10+°! 
1.94x10+°! 
3.17x10+°! 
4.82x10+°! 
9.70x10+°! 
1.67xl0+°2 
2.51xl0+°2 
3.43xl0+°2 
4.45xl0+°2 
5.41xl0+°2 



6.81xl0""2 
1.77x10""! 
3.67x10""! 
6.56x10""! 
1.51x10+"" 
2.66x10+"" 
3.94x10+"" 
5.25x10+"" 
6.51x10+"" 
9.21x10+"° 
1.12x10+"! 
1.29x10+°! 
1.46x10+"! 
1.96x10+°! 
2.86x10+°! 
4.48x10+°! 
6.78x10+°! 
1.39xl0+°2 
2.42xl0+°2 
3.62xl0+°2 
5.03xl0+°2 
6.47x10+°^ 
7.90xl0+°2 



-3.253x10+"" 
-2.377x10+"" 
-1.716x10+"" 
-1.204x10+"" 
-4.718x10""! 
1.740xl0""2 
3.616x10""! 
6.153x10""! 
8.110x10""! 
1.166x10+°° 
1.439x10+°" 
1.695x10+°° 
1.948x10+°" 
2.471x10+°° 
2.979x10+°° 
3.458x10+°° 
3.881x10+°° 
4.584x10+°° 
5.116x10+°° 
5.527x10+°° 
5.842x10+°° 
6.097x10+°° 
6.296x10+°° 



6.19x10""! 
7.06x10""! 
7.79x10""! 
8.40x10""! 
9.33x10""! 
9.98x10""! 
1.04x10+"" 
1.06x10+"" 
1.07x10+"" 
1.03x10+"" 
9.30x10"°! 
8.04x10"°! 
6.84x10"°! 
4.87x10"°! 
3.81x10"°! 
3.42x10"°! 
3.38x10"°! 
3.54x10"°! 
3.67x10"°! 
3.70x10"°! 
3.72x10"°! 
3.79x10"°! 
3.80x10"°! 



8.90x10+°! 
9.94x10+°! 
9.87x10+"! 
9.43x10+°! 
8.43x10+°! 
7.57x10+"! 
6.79x10+°! 
6.01x10+°! 
5.19x10+°! 
3.13x10+°! 
1.81x10+°! 
1.73x10+°! 
2.43x10+°! 
1.99x10+°! 
2.85x10+°° 
9.60x10"°! 
2.99x10"°! 
8.74x10"°! 
7.10x10"°! 
6.15x10"°! 
8.43x10"°! 
2.51x10"°! 
3.95x10"°! 



Comments: The contributions from the direct capture to the ground state and from 3 
resonances are taken into account for the calculation of the total rates. The direct capture 
S-factor is obtained hero using the experimental spectroscopic factor of C^S = 0.58 [77] 
from the ^^Mg mirror state. Our S-factor is slightly lower than what has been reported by 
Guo et al. [Ill] (using the ANC method) and slightly higher than the shell model based 
value of Herndl et al. [119]. The resonances are located at E^™ = 259 ± 28, 772±33 and 
1090±100 keV. The energy of the first resonance (3/2^) is calculated using a measured 
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0.01 0.10 1.00 10.00 



Temperature (GK) 

excitation energy of E^. = 1120 ± 8 keV [98] (from 7-ray spectroscopy) which disagrees 
with the previously reported value by Caggiano et al. [34]. The energy of the second 
resonance {5/2^) is adopted from Ref. [34]. The energy of the third resonance (5/2^) 
is a rough estimate that is based on the excitation energy of E^; — 1951 keV listed in 
Moon et al. [172] (which, in turn, was extracted from Fig. 4 of Ref. [34]). All proton 
partial widths are computed using experimental spectroscopic factors from the ^^Mg 
mirror levels [77]. The 7-ray partial widths arc cither adopted from the shell model [34] 
or are calculated using the measured lifetime of the mirror state. Note that no other 
resonances are expected to occur below an energy of EJ;"* = 2234 keV, according to the 
study of Moon et al. [172]. 
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Table B.42: Total thermonuclear reaction rates for ^'^Si(p,7)^^P. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


5.05x10" 


-33 


1.31x10 


-32 


2.53x10 


-32 


-7.355 xl0+°i 


8.54x10" 


-01 


4.90x10+°! 


0.011 


3.11x10" 


-31 


5.87x10 


-31 


9.64x10 


-31 


-6.968x10+°^ 


6.10x10" 


-01 


3.67x10+°! 


0.012 


8.67x10" 


-30 


1.39x10 


-29 


2.15x10 


-29 


-6.647x10+°! 


4.82x10" 


-01 


1.14x10+°! 


0.013 


1.31x10" 


-28 


2.08x10 


-28 


3.17x10 


-28 


-6.376x10+°! 


4.75x10" 


-01 


1.07x10+°! 


0.014 


1.25x10" 


-27 


2.17x10 


-27 


3.35x10 


-27 


-6.145x10+°! 


5.49x10" 


-01 


3.09x10+°! 


0.015 


8.38x10" 


-27 


1.67x10 


-26 


2.71x10 


-26 


-5.945x10+°! 


6.54x10" 


-01 


4.90x10+°! 


0.016 


4.20x10" 


-26 


9.72x10 


-26 


1.72x10 


-25 


-5.771x10+°! 


7.64x10" 


-01 


5.24x10+°! 


0.018 


6.07x10" 


-25 


1.77x10 


-24 


3.85x10 


-24 


-5.483x10+°! 


9.68x10" 


-01 


4.27x10+°! 


0.020 


5.08x10" 


-24 


1.78x10 


-23 


4.56x10 


-23 


-5.253x10+°! 


1.13x10+°° 


3.11x10+°! 


0.025 


4.02x10" 


-22 


1.24x10 


-21 


4.09x10 


-21 


-4.814x10+°! 


1.13x10+°° 


1.35x10+°° 


0.030 


3.44x10" 


-20 


6.35x10 


-20 


1.23x10 


-19 


-4.418x10+°! 


6.73x10" 


-01 


7.69x10+°° 


0.040 


2.85x10" 


-17 


4.44x10 


-17 


6.77x10 


-17 


-3.767x10+°! 


4.50x10" 


-01 


4.96x10+°° 


0.050 


1.78x10" 


-15 


3.26x10 


-15 


5.49x10 


-15 


-3.340x10+°! 


5.87x10" 


-01 


1.11x10+°! 


0.060 


8.01x10" 


-14 


1.30x10 


-13 


2.08x10 


-13 


-2.968x10+°! 


4.90x10" 


-01 


3.29x10+°° 


0.070 


2.67x10" 


-12 


4.22x10 


-12 


6.44x10 


-12 


-2.620x10+°! 


4.43x10" 


-01 


1.40x10+°° 


0.080 


4.67x10" 


-11 


7.13x10 


-11 


1.04x10 


-10 


-2.338x10+°! 


4.07x10" 


-01 


7.25x10"°! 


0.090 


4.42x10" 


-10 


6.53x10 


-10 


9.55x10 


-10 


-2.115x10+°! 


3.87x10" 


-01 


2.08x10"°! 


0.100 


2.61x10" 


-09 


3.82x10 


-09 


5.62x10 


-09 


-1.938x10+°! 


3.84x10" 


-01 


3.82x10"°! 


0.110 


1.09x10" 


-08 


1.60x10 


-08 


2.40x10 


-08 


-1.795x10+°! 


3.93x10" 


-01 


3.55x10"°! 


0.120 


3.51x10" 


-08 


5.25x10 


-08 


7.97x10 


-08 


-1.676x10+°! 


4.07x10" 


-01 


3.44x10"°! 


0.130 


9.37x10" 


-08 


1.43x10 


-07 


2.21x10 


-07 


-1.576x10+°! 


4.22x10" 


-01 


3.88x10"°! 


0.140 


2.17x10" 


-07 


3.36x10 


-07 


5.29x10 


-07 


-1.490x10+°! 


4.36x10" 


-01 


4.09x10"°! 


0.150 


4.57x10" 


-07 


7.12x10 


-07 


1.12x10 


-06 


-1.415x10+°! 


4.42x10" 


-01 


4.89x10"°! 


0.160 


9.12x10" 


-07 


1.41x10 


-06 


2.22x10 


-06 


-1.347x10+"! 


4.37x10" 


-01 


6.53x10"°! 


0.180 


3.53x10" 


-06 


5.21x10 


-06 


7.75x10- 


-06 


-1.216x10+°! 


3.95x10" 


-01 


2.67x10"°! 


0.200 


1.35x10" 


-05 


1.99x10 


-05 


2.87x10" 


-05 


-1.083x10+"! 


3.71x10" 


-01 


8.01x10"°! 


0.250 


2.87x10" 


-04 


4.33x10 


-04 


6.57x10 


-04 


-7.747x10+"° 


4.14x10" 


-01 


4.01x10-°! 


0.300 


2.84x10" 


-03 


4.29x10 


-03 


6.51x10 


-03 


-5.454x10+°° 


4.16x10" 


-01 


8.38x10"°! 
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Table B.42 - continued 



T (GK) Low rate Median rate High rate lognormal ji lognormal a A-D 



0.350 


1.49x10""^ 


2.24x10"°^ 


3.34xl0"°2 


-3.806x10+"° 


4.02x10" 


-01 


9.70x10"°! 


0.400 


5.15x10""^ 


7.64x10"°^ 


1.13x10"°! 


-2.579x10+"° 


3.88x10" 


-01 


9.38x10"°! 


0.450 


1.34x10""^ 


1.97x10"°! 


2.86x10"°! 


-1.635x10+"° 


3.74x10" 


-01 


8.51x10"°! 


0.500 


2.87x10""^ 


4.16x10"°! 


5.97x10"°! 


-8.852x10"°! 


3.60x10" 


-01 


7.24x10"°! 


0.600 


8.98x10"°^ 


1.27x10+°" 


1.77x10+"° 


2.327x10"°! 


3.35x10" 


-01 


5.46x10"°! 


0.700 


2.03x10+°" 


2.80x10+"" 


3.84x10+"° 


1.030x10+"" 


3.12x10" 


-01 


6.01x10"°! 


0.800 


3.77x10+°" 


5.11x10+°° 


6.88x10+"° 


1.630x10+"" 


2.95x10" 


-01 


6.69x10"°! 


0.900 


6.11x10+°" 


8.17x10+°° 


1.09x10+"! 


2.099x10+"" 


2.83x10" 


-01 


6.57x10"°! 


1.000 


8.93x10+°" 


1.19x10+°! 


1.58x10+"! 


2.475x10+"" 


2.76x10" 


-01 


7.47x10"°! 


1.250 


1.78x10+°^ 


2.35x10+°! 


3.07x10+"! 


3.155x10+"° 


2.68x10- 


-01 


4.33x10"°! 


1.500 


2.83x10+°! 


3.71x10+°! 


4.81x10+"! 


3.613x10+"° 


2.65x10- 


-01 


4.95x10"°! 


1.750 


3.98x10+°! 


5.16x10+°! 


6.65x10+°! 


3.945x10+°° 


2.59x10- 


-01 


1.20x10+°° 


2.000 


5.17x10+°! 


6.65x10+°! 


8.54x10+°! 


4.200x10+°° 


2.52x10- 


-01 


2.23x10+°° 


2.500 


7.60x10+°! 


9.54x10+°! 


1.21xl0+°2 


4.565x10+°° 


2.36x10- 


-01 


3.78x10+°° 


3.000 


9.86x10+°! 


1.22xl0+°2 


1.53xl0+°2 


4.810x10+°° 


2.23x10- 


-01 


4.01x10+°° 


3.500 


1.18xl0+°2 


1.44xl0+°2 


1.79xl0+°2 


4.981x10+°° 


2.13x10- 


-01 


3.58x10+°° 


4.000 


1.34xl0+°2 


1.62xl0+°2 


2.01xl0+°2 


5.101x10+°° 


2.07x10- 


-01 


3.07x10+°° 


5.000 


(1.79xl0+°2) (2.20xl0+°2) (2.70xl0+°2) 


(5.392x10+°°) 


(2.06x10- 


-01) 




6.000 


(2.29xl0+°2) (2.82xl0+°2) (3.46xl0+°2) 


(5.641x10+°°) (2.06x10- 


-01) 




7.000 


(2.81xl0+°2) (3.46xl0+°2) (4.25x10+°^) 


(5.845x10+°°) (2.06x10- 


-01) 




8.000 


(3.35xl0+°2) (4.12x10+°^) (5.06x10+°^) 


(6.020x10+°°) (2.06x10- 


-01) 




9.000 


(3.89xl0+°2) (4.78xl0+°2) (5.87x10+°^) 


(6.169x10+°°) (2.06x10- 


-01) 




10.000 (4.44xl0+°2) (5.46x10+02) (6.71xl0+°2) 


(6.303x10+°°) (2.06x10- 


-01) 





Comments: The reaction rate, including uncertainties, is calculated from the same 
input information as in Iliadis et al. [130]. 
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Table B.43: Total thermonuclear reaction rates for ^^Si(p,7)^^P. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal /i 


lognormal a 


A-D 




0.010 


6.12x10 


-40 


8.94x10- 


-40 


1.31x10 


-39 


-8.991 xl0"^°i 


3.85x10" 


-01 


3.42x10" 


-01 


0.011 


1.98x10 


-38 


2.91x10" 


-38 


4.27x10 


-38 


-8.643x10+01 


3.85x10- 


-01 


5.86x10" 


-01 


0.012 


4.32x10 


-37 


6.36x10- 


-37 


9.32x10 


-37 


-8.335 xl0+°i 


3.85x10- 


-01 


3.83x10" 


-01 


0.013 


6.79x10 


-36 


1.00x10" 


-35 


1.47x10 


-35 


-8.059x10+°^ 


3.87x10- 


-01 


5.13x10" 


-01 


0.014 


8.24x10 


-35 


1.21x10" 


-34 


1.78x10 


-34 


-7.810x10+°^ 


3.85x10- 


-01 


1.05x10" 


-01 


0.015 


7.92x10 


-34 


1.16x10" 


-33 


1.70x10 


-33 


-7.583x10+°! 


3.85x10- 


-01 


2.33x10" 


-01 


0.016 


6.21x10 


-33 


9.11x10" 


-33 


1.34x10 


-32 


-7.378x10+°! 


3.88x10- 


-01 


5.41x10" 


-01 


0.018 


2.41x10 


-31 


3.54x10" 


-31 


5.19x10 


-31 


-7.011x10+°! 


3.86x10- 


-01 


5.17x10" 


-01 


0.020 


5.66x10 


-30 


8.30x10" 


-30 


1.21x10 


-29 


-6.696x10+°! 


3.83x10- 


-01 


8.54x10" 


-01 


0.025 


3.11x10 


-27 


4.57x10" 


-27 


6.71x10 


-27 


-6.065x10+°! 


3.86x10- 


-01 


2.70x10" 


-01 


0.030 


3.79x10 


-25 


5.57x10" 


-25 


8.18x10 


-25 


-5.585x10+°! 


3.86x10- 


-01 


1.34x10" 


-01 


0.040 


4.21x10 


-22 


6.15x10" 


-22 


9.04x10 


-22 


-4.884x10+°! 


3.85x10- 


-01 


4.25x10" 


-01 


0.050 


6.09x10 


-20 


8.96x10" 


-20 


1.31x10 


-19 


-4.386x10+°! 


3.88x10- 


-01 


3.33x10" 


-01 


0.060 


2.72x10 


-18 


3.98x10" 


-18 


5.84x10 


-18 


-4.006x10+°! 


3.84x10- 


-01 


3.44x10" 


-01 


0.070 


5.62x10 


-17 


8.26x10" 


-17 


1.20x10 


-16 


-3.704x10+°! 


3.86x10- 


-01 


4.89x10" 


-01 


0.080 


6.77x10 


-16 


9.97x10" 


-16 


1.46x10 


-15 


-3.454x10+°! 


3.87x10- 


-01 


2.95x10" 


-01 


0.090 


5.70x10 


-15 


8.33x10" 


-15 


1.21x10 


-14 


-3.242x10+°! 


3.80x10- 


-01 


2.86x10" 


-01 


0.100 


4.46x10 


-14 


6.06x10" 


-14 


8.46x10 


-14 


-3.042x10+°! 


3.19x10- 


-01 


7.66x10+°° 


0.110 


5.41x10 


-13 


6.35x10" 


-13 


7.58x10 


-13 


-2.808x10+°! 


1.73x10- 


-01 


3.00x10+°! 


0.120 


7.83x10 


-12 


8.79x10" 


-12 


9.87x10 


-12 


-2.546x10+°! 


1.16x10- 


-01 


1.96x10" 


-01 


0.130 


9.05x10 


-11 


1.01x10" 


-10 


1.14x10 


-10 


-2.301x10+°! 


1.14x10- 


-01 


2.28x10" 


-01 


0.140 


7.70x10 


-10 


8.63x10" 


-10 


9.66x10 


-10 


-2.087x10+°! 


1.14x10- 


-01 


1.68x10" 


-01 


0.150 


4.96x10 


-09 


5.55x10" 


-09 


6.21x10 


-09 


-1.901x10+°! 


1.13x10- 


-01 


2.40x10" 


-01 


0.160 


2.53x10 


-08 


2.83x10" 


-08 


3.16x10 


-08 


-1.738x10+°! 


1.12x10- 


-01 


2.69x10" 


-01 


0.180 


3.77x10 


-07 


4.20x10" 


-07 


4.69x10 


-07 


-1.468x10+°! 


1.09x10- 


-01 


3.39x10" 


-01 


0.200 


3.22x10 


-06 


3.58x10" 


-06 


3.99x10 


-06 


-1.254x10+°! 


1.08x10- 


-01 


3.79x10" 


-01 


0.250 


1.46x10 


-04 


1.62x10" 


-04 


1.79x10 


-04 


-8.730x10+°° 


1.05x10- 


-01 


4.58x10" 


-01 


0.300 


1.76x10 


-03 


1.95x10" 


-03 


2.16x10 


-03 


-6.241x10+°° 


1.04x10- 


-01 


5.32x10" 


-01 
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Table B.43 - continued 



T (GK) Low rate Median rate High rate lognormal ji lognormal a A-D 



0.350 1.00xl0""2 i.iixl0-"2 i.23xl0"°2 

0.400 3.62xl0""2 4.00xl0""2 4.43xl0-"2 

0.450 9.59xl0""2 i.oGxlO""^ 1.17x10""^ 

0.500 2.06x10-"! 2.27x10-"! 2.52x10-"! 

0.600 6.23x10-"! 6.88x10-"! 7.62x10-"! 

0.700 1.33x10+"" 1.47x10+"" 1.62x10+"" 

0.800 2.28x10+"" 2.52x10+"" 2.78x10+"" 

0.900 3.40x10+"" 3.76x10+"" 4.15x10+"" 

1.000 4.62x10+"" 5.10x10+"" 5.64x10+"" 

1.250 7.79x10+"" 8.58x10+"° 9.46x10+"" 

1.500 1.16x10+°! 1.27x10+"! 1.39x10+"! 

1.750 1.85x10+°! 1.99x10+°! 2.14x10+°! 

2.000 3.23x10+°! 3.44x10+°! 3.67x10+°! 

2.500 9.69x10+°! 1.04xl0+°2 1.12xl0+°2 

3.000 2.28x10+°^ 2.46x10+°^ 2.66xl0+°2 

3.500 4.24x10+°^ 4.60xl0+°2 4.98xl0+°2 

4.000 6.73x10+°^ 7.29xl0+°2 7.89x10+°^ 

5.000 1.25x10+°^ 1.35x10+°^ 1.46x10+°^ 

6.000 1.83x10+°^ 1.97x10+°^ 2.13x10+°^ 

7.000 2.35x10+°^ 2.52x10+°^ 2.71x10+°^ 

8.000 2.77x10+°^ 2.98x10+°^ 3.20x10+°^ 

9.000 3.11x10+°^ 3.33x10+°^ 3.58x10+°^ 

10.000 3.37x10+°^ 3.60x10+°^ 3.86x10+°^ 



-4.4yy X iu 


1 V 1 n 

l.Uo X iU 


-01 


o.y4 X lu 


-01 


-o.ziy X lU 


1 no \x 1 n 
i.Uz X lU 


-01 


D.zl X lU 


-01 


-z.z44X lU 


i.Uz X lU 


-01 


D.o4 X iU 


-01 


-i.4oi X iU 


i.Ui X iU 


-01 


6.32x10 


-01 


-o. /oUx lU 


i.Ui X iU 


-01 


6.31x10 


-01 


d.ooi X lU 


1 f^l x^ 1 CI 

i.Ui X iU 


-01 


6.27x10 


-01 


Ci OQQ V,' 1 A — 01 

y.zoox iu 


1 nn xy 1 n 
i.UUX iU 


-01 


6.26x10 


-01 


i.oz4X lU 


1 nn \x 1 n 
i.UU X iU 


-01 


6.12x10 


-01 


1 -.y 1 n+00 


n nc xy 1 n 
y.yoX iU 


-02 


6.25x10 


-01 


o 1 Kr\ \y 1 n+00 
z.ioU X lU ' 


o TO \/ 1 n 
y. ( z X iu 


-02 


7.14x10 


-01 


o KAr\ \y 1 n+00 
Z.04UX lU 


Q '7'7 win 
o. ( ( X iU 


-02 


1.45x10+°° 


oon V 1 n+00 
z.yyux iu 


/ .14X iU 


-02 


1.79x10+°° 


Q /I n 1 n+00 


a xy 1 n 


-02 


9.58x10 


-01 


A dAfi \y 1 n+00 
4.D40X iU 


T ofi \x 1 n- 


-02 


1.14x10+°° 


c cnc w 1 n+00 


/ .oOX iU 


-02 


5.74x10- 


-01 


6.131x10+°° 


8.02x10- 


-02 


3.93x10- 


-01 


6.592x10+°° 


8.02x10- 


-02 


3.70x10- 


-01 


7.208x10+°° 


7.83x10- 


-02 


4.19x10- 


-01 


7.587x10+°° 


7.58x10- 


-02 


5.24x10- 


-01 


7.834x10+°° 


7.35x10- 


-02 


6.36x10- 


-01 


7.999x10+°° 


7.14x10- 


-02 


7.47x10- 


-01 


8.113x10+°° 


6.97x10- 


-02 


8.45x10- 


-01 


8.191x10+°° 


6.82x10- 


-02 


9.12x10- 


-01 



Comments: In total, 10 resonances with £^"^=357-2991 keV are taken into account for 
the estimation of the rates. The resonance energies are calculated from the excitation 
energies listed in Endt [78] and the Q-value (see Tab. 1), except for two broad resonances 
(E°'"=1594 and 2009 keV) whose energies are adopted from Graff et al. [109]. For the 
resonance strengths we use the average values presented in Angulo et al. [7]. Below 
E''™=1.1 McV the nonresonant rate contribution is dominated by direct capture and 
the tail of the broad £^"^=1594 keV resonance. The corresponding S-factor is adopted 
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'Si(p.Yf'P 




0.01 0.10 1.00 10.00 



Temperature (GK) 

from Graff ct al. [109]. The tail of the E^™=357 kcV resonance is found to be negligible 
compared to other contributions. The present recommended rates are in agreement with 
those of Angulo et al. [7], but our rate uncertainties are smaller. 
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Table B.44: Total thermonuclear reaction rates for ^^Si(p,7)^°P. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


1.37x10" 


-39 


2.01x10" 


-39 


2.97x10" 


-39 


-8.910x10"^°^ 


3.83x10-01 


5.06x10-01 


0.011 


4.41x10" 


-38 


6.50x10" 


-38 


9.64x10" 


-38 


-8.562x10"^°^ 


3.92x10-01 


3.17x10-01 


0.012 


9.79x10" 


-37 


1.44x10" 


-36 


2.10x10" 


-36 


-8.253x10^-01 


3.87x10-01 


2.73x10-01 


0.013 


1.55x10" 


-35 


2.28x10" 


-35 


3.33x10" 


-35 


-7.977x10"^°^ 


3.87x10-01 


1.32x10-01 


0.014 


1.88x10" 


-34 


2.74x10" 


-34 


3.99x10" 


-34 


-7.728 xl0"^°i 


3.82x10-01 


3.88x10-01 


0.015 


1.77x10" 


-33 


2.61x10" 


-33 


3.86x10" 


-33 


-7.502 xl0-^°i 


3.89x10-01 


9.27x10-01 


0.016 


1.41x10" 


-32 


2.06x10" 


-32 


3.01x10" 


-32 


-7.296 xl0"^°i 


3.84x10-01 


2.58x10-01 


0.018 


5.51x10" 


-31 


8.12x10" 


-31 


1.20x10" 


-30 


-6.928 xl0"^°i 


3.87x10-01 


3.38x10-01 


0.020 


1.38x10" 


-29 


2.05x10" 


-29 


3.04x10" 


-29 


-6.606 xl0-^°i 


4.03x10-01 


2.41x10+00 


0.025 


1.76x10" 


-26 


7.77x10" 


-26 


3.43x10" 


-25 


-5.778 xl0"^°i 


1.37x10+00 


2.68x10+01 


0.030 


2.22x10" 


-23 


2.18x10" 


-22 


8.53x10" 


-22 


-5.025 xl0"^°i 


1.85x10+00 


1.18x10+02 


0.040 


4.89x10" 


-19 


4.85x10" 


-18 


1.56x10" 


-17 


-4.040 xl0"^°i 


1.96x10+00 


2.63x10+02 


0.050 


1.85x10" 


-16 


1.80x10" 


-15 


5.44x10" 


-15 


-3.452 xl0"^°i 


1.96x10+00 


3.12x10+02 


0.060 


8.81x10" 


-15 


8.73x10" 


-14 


2.65x10" 


-13 


-3.065 xl0-^°i 


1.96x10+00 


3.20x10+02 


0.070 


1.35x10" 


-13 


1.33x10" 


-12 


4.12x10" 


-12 


-2.790 xl0"^°i 


1.92x10+00 


3.01x10+02 


0.080 


1.05x10" 


-12 


9.97x10" 


-12 


3.13x10" 


-11 


-2.583 xl0"^°i 


1.80x10+00 


2.54x10+02 


0.090 


5.54x10" 


-12 


4.71x10" 


-11 


1.49x10" 


-10 


-2.416x10^-01 


1.58x10+00 


1.76x10+02 


0.100 


3.72x10" 


-11 


1.77x10" 


-10 


5.28x10" 


-10 


-2.262x10"^°! 


1.18x10+00 


8.67x10+01 


0.110 


3.72x10" 


-10 


7.59x10" 


-10 


1.71x10" 


-09 


-2.097x10^-°! 


6.98x10-01 


3.56x10+01 


0.120 


3.54x10" 


-09 


5.10x10" 


-09 


7.47x10" 


-09 


-1.909x10^-01 


3.68x10-01 


1.74x10+00 


0.130 


2.64x10" 


-08 


3.56x10" 


-08 


4.79x10" 


-08 


-1.715x10^-01 


3.00x10-01 


2.36x10-01 


0.140 


1.59x10" 


-07 


2.15x10" 


-07 


2.92x10" 


-07 


-1.535x10+01 


3.06x10-01 


5.51x10-01 


0.150 


7.83x10" 


-07 


1.06x10" 


-06 


1.45x10" 


-06 


-1.375x10+01 


3.10x10-01 


5.41x10-01 


0.160 


3.22x10" 


-06 


4.36x10" 


-06 


5.98x10" 


-06 


-1.234x10+01 


3.10x10-01 


5.33x10-01 


0.180 


3.45x10" 


-05 


4.64x10" 


-05 


6.33x10" 


-05 


-9.973x10+00 


3.04x10-01 


7.26x10-01 


0.200 


2.33x10" 


-04 


3.09x10" 


-04 


4.18x10" 


-04 


-8.074x10+00 


2.92x10-01 


1.25x10+00 


0.250 


7.69x10" 


-03 


9.75x10" 


-03 


1.27x10" 


-02 


-4.619x10+00 


2.51x10-01 


4.32x10+00 


0.300 


8.42x10" 


-02 


1.02x10" 


-01 


1.27x10" 


-01 


-2.268x10+00 


2.08x10-01 


8.66x10+00 
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Table B.44 - continued 



T (GK) Low rate Median rate High rate lognormal ji lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



4.81x10""^ 
1.80x10+°" 
5.00x10+"" 
1.13x10+"! 
3.77x10+"! 
8.75x10+"! 
1.61xl0+"2 
2.58xl0+"2 
3.71xl0+"2 
7.00xl0+°2 
1.05x10+"^ 
1.39x10+°^ 
1.72x10+°^ 
2.37x10+°^ 
3.04x10+°^ 
3.77xl0+°3 
4.55x10+°^ 
6.17xl0+°3 
(7.69x10+03) 
(9.06x10+03) 
(1.03x10+0^) 
(1.14x10+0^) 
(1.24x10+0^) 



5.65x10-"! 
2.06x10+"" 
5.66x10+"" 
1.27x10+"! 
4.18x10+"! 
9.63x10+"! 
1.77xl0+"2 
2.82xl0+"2 
4.05xl0+°2 
7.60xl0+"2 
1.14xl0+"3 
1.50xl0+"3 
1.85xl0+"3 
2.54x10+03 
3.25x10+03 
4.01x10+03 
4.82x10+03 
6.50x10+03 
(8.11x10+03) 
(9.56x10+03) 
(1.09x10+04) 
(1.20x10+04) 
(1.30x10+04) 



6.78x10-"! 
2.41x10+"" 
6.48x10+"" 
1.43x10+"! 
4.66x10+"! 
1.06xl0+"2 
1.95xl0+"2 
3.09xl0+"2 
4.44xlO+"2 
8.29xl0+"2 
1.23xl0+"3 
1.63x10+03 
2.00xl0+"3 
2.72x10+03 
3.46x10+03 
4.25x10+03 
5.10x10+03 
6.87x10+03 
(8.56xl0+"3) 
(1.01xlO+"4) 
(1.15xl0+"4) 
(1.27xl0+"4) 
(1.38xl0+"4) 



-5.603x10-"! 
7.326x10-"! 
1.740x10+"" 
2.544x10+"" 
3.736x10+"" 
4.569x10+"" 
5.180x10+"" 
5.643x10+"" 
6.005x10+"" 
6.634x10+"" 
7.036x10+00 
7.315x10+00 
7.525x10+"" 
7.839x10+00 
8.085x10+00 
8.296x10+00 
8.480x10+00 
8.782x10+00 
(9.001x10+00) 
(9.165x10+00) 
(9.293x10+00) 
(9.392x10+00) 
(9.476x10+00) 



1.74x10-"! 1, 

1.50x10-"! 1, 

1.33x10-"! 9, 

1.21x10-"! 6. 

1.07x10-"! 3, 

9.98x10-"^ 1. 

9.53xl0-"2 8. 

9.21xl0-"2 5. 

8.96xl0-"2 4. 

8.48xl0-"2 3. 

8.13xl0-"2 3. 

7.86x10-02 2. 

7.61xl0-"2 2. 

7.10x10-02 1. 

6.58x10-02 3. 

6.13x10-02 3. 

5.80x10-02 4. 

5.41x10-02 9. 
(5.40x10-02) 
(5.40x10-02) 
(5.40x10-02) 
(5.40x10-02) 
(5.40x10-02) 



13x10 
12x10 
24x10 
90x10 
27x10 
57x10 
57x10 
78x10 
26x10 
99x10 
89x10 
82x10 
16x10 
58x10 
15x10 
43x10 
67x10 
58x10 



-01 
-01 
-00 
-00 
-00 
-00 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 
-01 



Comments: The same input information as in IHadis et al. [131] is used for the calcu- 
lation of the rates, with the exception of the unobserved EJ;'"=296 keV resonance, which 
has previously been disregarded in the reaction rate calculation. According to Endt [79] , 
the corresponding Ea,=5890 keV state in 3"p is the analog of the Ex=5232 keV state 
(J^;T=3j;l) in 3^81. With this assumption, a spectroscopic factor of S^=2 ~0.025 can 
be deduced from the results of a 29Si(d,p)3"Si study (Mackh et al. [162]), in reasonable 
agreement with the shell model value reported in Baxter and Hinds [23]. In total, 79 



207 
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Temperature (GK) 

resonances with energies in the range of E5;™=107-3075 keV are taken into account. 
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Table B.45: Total thermonuclear reaction rates for ^°Si(p,7)^^P. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


9.47x10" 


-39 


1.87x10" 


-37 


4.58x10" 


-36 


-8.441x10"^°^ 


2.78x10+°° 


1.59xl0+°2 


0.011 


1.42x10" 


-36 


3.90x10" 


-35 


6.38x10" 


-34 


-7.939 xl0-^°^ 


2.83x10+°° 


5.46x10+°! 


0.012 


1.55x10" 


-34 


3.37x10" 


-33 


3.97x10" 


-32 


-7.504 xl0-^°i 


2.73x10+°° 


8.39x10+°! 


0.013 


8.27x10" 


-33 


1.48x10" 


-31 


1.32x10" 


-30 


-7.132x10"^°^ 


2.58x10+°° 


1.36xl0+°2 


0.014 


2.49x10" 


-31 


3.76x10" 


-30 


2.70x10" 


-29 


-6.812x10"^°^ 


2.45x10+°° 


1.91xl0+°2 


0.015 


4.57x10" 


-30 


6.20x10" 


-29 


3.78x10" 


-28 


-6.535x10^-01 


2.35x10+°° 


2.44xl0+°2 


0.016 


5.81x10" 


-29 


7.14x10" 


-28 


3.84x10" 


-27 


-6.293 xl0-^°i 


2.28x10+°° 


2.92xl0+°2 


0.018 


3.62x10" 


-27 


4.06x10" 


-26 


1.93x10" 


-25 


-5.890 xl0"^°i 


2.20x10+°° 


3.59xl0+°2 


0.020 


9.19x10" 


-26 


1.01x10" 


-24 


4.65x10" 


-24 


-5.570 xl0-^°i 


2.19x10+°° 


3.81xl0+°2 


0.025 


2.47x10" 


-23 


3.08x10" 


-22 


1.58x10" 


-21 


-4.997x10-^°! 


2.25x10+°° 


3.28xl0+°2 


0.030 


9.39x10" 


-22 


1.30x10" 


-20 


7.94x10" 


-20 


-4.619x10"^°^ 


2.34x10+°° 


2.46xl0+°2 


0.040 


7.47x10" 


-20 


1.28x10" 


-18 


1.03x10" 


-17 


-4.150x10"^°^ 


2.40x10+°° 


1.16xl0+°2 


0.050 


1.37x10" 


-18 


1.91x10" 


-17 


1.84x10" 


-16 


-3.858x10"^°^ 


2.21x10+°° 


7.55x10+°! 


0.060 


2.76x10" 


-17 


1.27x10" 


-16 


1.22x10" 


-15 


-3.630 xl0-^°^ 


1.78x10+°° 


2.94xl0+°2 


0.070 


5.35x10" 


-16 


1.05x10" 


-15 


5.07x10" 


-15 


-3.413x10"^°^ 


1.22x10+°° 


6.37xl0+°2 


0.080 


6.34x10" 


-15 


1.27x10" 


-14 


2.44x10" 


-14 


-3.194x10"^°^ 


8.14x10"°! 


2.00x10+°^ 


0.090 


5.05x10" 


-14 


1.08x10" 


-13 


2.13x10" 


-13 


-2.988x10^-01 


6.89x10"°! 


5.89x10+°! 


0.100 


3.03x10" 


-13 


6.79x10" 


-13 


1.43x10" 


-12 


-2.805 xl0-^°i 


6.93x10"°! 


1.46xl0+°2 


0.110 


1.46x10" 


-12 


3.31x10" 


-12 


7.11x10" 


-12 


-2.647x10^-°! 


7.03x10"°! 


1.68xl0+°2 


0.120 


6.20x10" 


-12 


1.34x10" 


-11 


2.81x10" 


-11 


-2.506x10^-01 


6.69x10"°! 


1.54xl0+°2 


0.130 


2.70x10" 


-11 


5.43x10" 


-11 


9.93x10" 


-11 


-2.368 xl0-^°i 


6.01x10"°! 


1.17xl0+°2 


0.140 


1.11x10" 


-10 


2.47x10" 


-10 


4.48x10" 


-10 


-2.220x10+°! 


6.75x10"°! 


8.12x10+°! 


0.150 


4.25x10" 


-10 


1.13x10" 


-09 


3.03x10" 


-09 


-2.061 xl0+°i 


9.07x10-"! 


6.70x10+"! 


0.160 


1.54x10" 


-09 


6.13x10" 


-09 


1.91x10" 


-08 


-1.901x10+"! 


1.12x10+°° 


1.66xl0+"2 


0.180 


2.24x10" 


-08 


1.37x10" 


-07 


4.51x10" 


-07 


-1.600x10+°! 


1.30x10+°° 


2.69xl0+"2 


0.200 


3.02x10" 


-07 


1.75x10" 


-06 


5.72x10" 


-06 


-1.344x10+°! 


1.26x10+"° 


2.69xl0+°2 


0.250 


4.27x10" 


-05 


1.74x10" 


-04 


5.39x10" 


-04 


-8.742x10+°° 


1.08x10+"° 


2.40xl0+°2 


0.300 


1.29x10" 


-03 


3.80x10" 


-03 


1.08x10" 


-02 


-5.585x10+°° 


9.10x10"°! 


2.33xl0+°2 
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Table B.45 - continued 



T (GK) Low rate Median rate High rate lognormal ji lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



1.54xl0-"2 

1.03x10""^ 
4.60x10""^ 
1.54x10+°" 
9.59x10+°" 
3.53x10+"! 
9.29x10+"! 
1.96xl0+"2 
3.55xl0+"2 
1.02xl0+°3 
2.02xl0+"3 
3.28x10+°^ 
4.73xl0+°3 
7.99x10+°^ 
1.16x10+°^ 
1.53x10+°^ 
1.91x10+°^ 
2.66x10+°^ 
(3.64x10+°^) 
(4.74x10+°^) 
(5.80x10+°^) 
(6.87x10+04) 
(8.13x10+°^) 



3.54xl0-°2 
1.95x10"°! 
7.63x10-°! 
2.34x10+°" 
1.31x10+"! 
4.62x10+"! 
1.19xl0+"2 
2.47xl0+"2 
4.40xl0+"2 
1.23xl0+"3 
2.40xl0+"3 
3.85x10+°^ 
5.49xl0+"3 
9.07x10+°^ 
1.29x10+°^ 
1.68x10+°^ 
2.07x10+°^ 
2.83x10+°^ 
(3.89x10+°^) 
(5.06x10+04) 
(6.20xl0+°4) 
(7.34x10+04) 
(8.69x10+04) 



9.15xl0-°2 
4.56x10"°! 
1.60x10+"° 
4.42x10+"° 
2.10x10+°! 
6.56x10+"! 
1.58xl0+"2 
3.14xl0+°2 
5.48xl0+"2 
1.49xl0+°3 
2.87xl0+°3 
4.56x10+03 
6.43x10+°^ 
1.04x10+04 
1.45x10+04 
1.86x10+04 
2.26x10+04 
3.04x10+04 
(4.16x10+04) 
(5.41xl0+°4) 
(6.63xl0+°4) 
(7.84xl0+°4) 
(9.29xl0+°4) 



-3.304x10+"° 

-1.566x10+"° 

-1.930x10-°! 
9.227x10-°! 
2.625x10+"" 
3.859x10+"" 
4.790x10+"" 
5.513x10+"" 
6.089x10+"" 
7.114x10+00 
7.786x10+00 
8.260x10+00 
8.615x10+00 
9.119x10+00 
9.468x10+00 
9.732x10+00 
9.942x10+00 
1.025x10+0! 

(1.057x10+0!) 

(1.083x10+0!) 

(1.104x10+0!) 

(1.120x10+0!) 

(1.137x10+0!) 



7.68x10-"! 

6.48x10-"! 

5.49x10-"! 

4.69x10-"! 

3.57x10-"! 

2.91x10-"! 

2.51x10-0! 

2.28x10-"! 

2.13x10-"! 

1.91x10"°! 

1.78x10"°! 

1.67xl0"0i 

1.55xl0"0! 

1.35xl0"0i 

1.16xl0"0i 

1.00xlO"0! 

8.73xl0"02 

6.88xl0"02 
(6.65xl0"02) 
(6.65xl0"02) 
(6.65xl0"02) 
(6.65xl0"02) 
(6.65xl0"02) 



2.41x10+02 
2.49xl0+"2 
2.46xl0+"2 
2.27x10+02 
1.50x10+02 
7.17x10+°! 
2.76x10+°! 
9.94x10+°° 
3.77x10+°° 
1.04x10+°° 
2.47x10+°° 
5.11x10+00 
8.18x10+00 
1.45x10+0! 
1.99x10+0! 
2.36x10+0! 
2.54x10+0! 
2.40x10+0! 



Comments: The same input information as in Iliadis et al. [131] is used for the calcula- 
tion of the rates, except that the energies and resonance strengths of the threshold states 
have been adjusted according to a slight change in the reaction Q- value (Audi, Wapstra 
and Thibault [11]). In total, 97 resonances with energies in the range of E5i"*=17-2929 
keV are taken into account. 
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'Si(p,y)'V 
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Table B.46: Total thermonuclear reaction rates for ^^P(p,7)^^S. 



T (GK) Low rate Median rate High rate lognormal /x lognormal a A-D 



0.010 


1.24x10 


-42 


2.00x10" 


-42 


3.20x10" 


-42 


-9.602x10+°^ 


4.73x10" 


-01 


3.14x10- 


-01 


0.011 


4.75x10 


-41 


7.65x10- 


-41 


1.22x10" 


-40 


-9.238x10+°! 


4.74x10" 


-01 


3.93x10- 


-01 


0.012 


1.21x10 


-39 


1.94x10" 


-39 


3.12x10" 


-39 


-8.914x10+°! 


4.76x10" 


-01 


4.43x10- 


-01 


0.013 


2.16x10 


-38 


3.50x10- 


-38 


5.59x10" 


-38 


-8.624x10+°! 


4.85x10" 


-01 


5.58x10- 


-01 


0.014 


2.96x10 


-37 


4.69x10" 


-37 


7.60x10" 


-37 


-8.365x10+°! 


4.77x10" 


-01 


5.51x10- 


-01 


0.015 


3.10x10 


-36 


4.97x10" 


-36 


8.04x10" 


-36 


-8.128x10+°! 


4.75x10" 


-01 


4.08x10- 


-01 


0.016 


2.78x10 


-35 


4.42x10" 


-35 


7.08x10" 


-35 


-7.910x10+°! 


4.69x10" 


-01 


3.00x10- 


-01 


0.018 


1.27x10 


-33 


2.03x10" 


-33 


3.24x10" 


-33 


-7.528x10+°! 


4.78x10" 


-01 


2.85x10- 


-01 


0.020 


3.43x10 


-32 


5.47x10" 


-32 


8.71x10" 


-32 


-7.198x10+°! 


4.73x10" 


-01 


2.58x10- 


-01 


0.025 


2.60x10 


-29 


4.10x10" 


-29 


6.55x10" 


-29 


-6.536x10+°! 


4.71x10" 


-01 


2.06x10- 


-01 


0.030 


3.90x10 


-27 


6.26x10" 


-27 


9.90x10" 


-27 


-6.034x10+°! 


4.66x10" 


-01 


2.97x10- 


-01 


0.040 


6.00x10 


-24 


9.67x10" 


-24 


1.54x10" 


-23 


-5.299x10+°! 


4.79x10" 


-01 


1.43x10- 


-01 


0.050 


1.10x10 


-21 


1.78x10" 


-21 


2.85x10" 


-21 


-4.778x10+°! 


4.78x10" 


-01 


2.02x10- 


-01 


0.060 


5.87x10 


-20 


9.39x10" 


-20 


1.53x10" 


-19 


-4.380x10+°! 


4.81x10" 


-01 


3.13x10- 


-01 


0.070 


1.41x10 


-18 


2.27x10" 


-18 


3.62x10" 


-18 


-4.063x10+°! 


4.77x10" 


-01 


3.69x10- 


-01 


0.080 


1.92x10 


-17 


3.06x10" 


-17 


4.95x10" 


-17 


-3.802x10+°! 


4.78x10" 


-01 


4.13x10- 


-01 


0.090 


1.76x10 


-16 


2.79x10" 


-16 


4.42x10" 


-16 


-3.581x10+°! 


4.69x10" 


-01 


5.89x10- 


-01 


0.100 


1.18x10 


-15 


1.87x10" 


-15 


3.05x10" 


-15 


-3.391x10+°! 


4.75x10" 


-01 


6.37x10- 


-01 


0.110 


6.05x10 


-15 


9.80x10" 


-15 


1.56x10" 


-14 


-3.226x10+°! 


4.76x10" 


-01 


3.17x10- 


-01 


0.120 


2.69x10 


-14 


4.27x10" 


-14 


6.84x10" 


-14 


-3.078x10+°! 


4.73x10" 


-01 


3.20x10- 


-01 


0.130 


9.97x10 


— 14 


1.57x10" 


-13 


2.53x10" 


-13 


-2.947x10+°! 


4.69x10" 


-01 


4.04x10- 


-01 


0.140 


3.24x10 


-13 


5.21x10" 


-13 


8.38x10" 


-13 


-2.828x10+°! 


4.77x10" 


-01 


2.43x10- 


-01 


0.150 


9.42x10 


-13 


1.53x10" 


-12 


2.44x10" 


-12 


-2.721x10+°! 


4.77x10" 


-01 


4.23x10- 


-01 


0.160 


2.51x10 


-12 


3.98x10" 


-12 


6.37x10" 


-12 


-2.625x10+°! 


4.69x10" 


-01 


9.14x10- 


-01 


0.180 


1.43x10 


-11 


2.29x10" 


-11 


3.71x10" 


-11 


-2.449x10+°! 


4.77x10" 


-01 


4.73x10- 


-01 


0.200 


6.45x10 


-11 


1.03x10" 


-10 


1.65x10" 


-10 


-2.300x10+°! 


4.76x10" 


-01 


3.80x10- 


-01 


0.250 


1.28x10 


-09 


2.04x10" 


-09 


3.25x10" 


-09 


-2.001x10+°! 


4.69x10" 


-01 


1.25x10- 


-01 


0.300 


1.23x10 


-08 


1.98x10" 


-08 


3.19x10" 


-08 


-1.773x10+°! 


4.72x10" 


-01 


1.89x10- 


-01 
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Table B.46 - continued 



T (GK) Low rate Median rate High rate 

0.350 7.56x10-"^ 1.22x10-"' 

0.400 3.36x10""^ 5.37x10""^ 

0.450 1.18x10""^' 1.87x10""^ 

0.500 3.54xl0-"f' 5.66xl0-"6 

0.600 2.08x10-0-'^ 3.34x10-"'"^ 

0.700 8.65x10"°^ 1.39x10""'' 

0.800 2.80x10-"'' 4.44x10-"^ 

0.900 7.59x10-"'' 1.20xl0-"3 

1.000 1.78x10-"^ 2.81xl0-"3 

1.250 9.64xl0-"3 1.51xl0-"2 

1.500 3.47xl0-"2 5.50xl0-"2 

1.750 9.53x10-02 1.50x10"°^ 

2.000 2.18x10-°^ 3.44x10-"^ 

2.500 7.98x10-01 1.28x10+°° 

3.000 2.15x10+°° 3.38x10+°° 

3.500 4.70x10+°° 7.47x10+°° 

4.000 8.82x10+°° 1.40x10+°! 

5.000 2.40x10+°! 3.82x10+°! 

6.000 5.18x10+°! 8.16x10+°! 

7.000 9.36x10+°! 1.49x10+°^ 

8.000 1.52xl0+°2 2.41x10+°^ 

9.000 2.27xl0+°2 3.67x10+°^ 

10.000 3.23xl0+°2 5.16xl0+°2 



lognormal fi lognormal cr A-D 



07 
07 
06 
06 



05 



1.94x10 
8.71x10 
3.03x10- 
8.95x10 
5.32x10 
2.21x10-"^ 
7.13x10-"^ 
1.93xl0-"3 

4.46x10-"^ 
2.36xl0-°2 
8.74xl0-°2 
2.41x10"°! 
5.43x10"°! 
2.02x10+°° 
5.28x10+°° 
1.19x10+°! 
2.25x10+°! 
6.06x10+°! 
1.31xl0+°2 
2.41xl0+°2 
3.84xl0+°2 
5.76xl0+°2 
8.31xl0+°2 



-1.593x10+"! 
-1.443x10+"! 
-1.318x10+"! 
-1.209x10+"! 
-1.031x10+"! 
-8.888x10+"" 
-7.719x10+"" 
-6.722x10+"" 
-5.873x10+"° 
-4.192x10+"" 
-2.901x10+°° 
-1.888x10+°° 
-1.064x10+°° 
2.434x10"°! 
1.218x10+°° 
2.011x10+°° 
2.642x10+°° 
3.642x10+°° 
4.409x10+°° 
5.007x10+°° 
5.486x10+°° 
5.897x10+°° 
6.247x10+°° 



4.72x10 
4.78x10 
4.68x10 
4.67x10 
4.75x10 
4.69x10 
4.71x10 
4.73x10 
4.56x10 
4.57x10 
4.59x10 
4.62x10 
4.64x10 
4.65x10 
4.60x10 
4.68x10 
4.66x10 
4.68x10 
4.67x10 
4.72x10 
4.69x10 
4.70x10 
4.75x10 



6.03x10"°! 
2.29x10"°! 
7.85x10"°! 
5.09x10"°! 
2.32x10"°! 
3.87x10"°! 
-"! 3.89x10"°! 



-01 



-01 



-01 



-01 



-01 



-01 



-01 



-01 



6.71x10"°! 
3.51x10"°! 
2.84x10"°! 
-°! 3.30x10"°! 
-°! 5.55x10"°! 
-°! 4.09x10"°! 
-°! 5.28x10"°! 
-°! 3.29x10"°! 
-°! 1.02x10"°! 
-°! 3.17x10"°! 
-°! 5.28x10"°! 
-°! 6.51x10"°! 



-°! 4.03x10"°! 

-°! 3.46x10"°! 

-°! 4.66x10"°! 

-°! 2.94x10"°! 



Comments: No unbound states have been observed in the compound nucleus ^^S. Based 
on the comparison to the structure of the ^^Mg mirror nucleus it can be concluded that 
the lowest-lying resonance in ^^P-l-p is expected near a relatively high energy of 1 MeV. 
In fact, a Coulomb displacement energy calculation [119] finds E^™ = 1100 keV, which 
is adopted in the present work; we estimate an uncertainty of 100 keV, although this 
value should be regarded as a rough guess only. The proton and 7-ray partial widths are 
calculated by using the shell model [119]. The total reaction rates are dominated by the 
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0.01 0.10 1.00 10.00 

Temperature (GK) 



direct capture process into the ground and first excited states of at all temperatures 
of interest. We adopt the direct capture S-factor from Ref. [119], which is based on 
shell model spectroscopic factors. Higher lying resonances are expected to make a minor 
contribution to the total rate. 
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Table B.47: Total thermonuclear reaction rates for ^^P(p,7)^°S. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 




0.010 


4.66x10" 


-42 


6.84x10 


-42 


1.01x10 


-41 


-9.479x10+°^ 


3.84x10" 


-01 


2.42x10- 


-01 


0.011 


1.79x10" 


-40 


2.65x10 


-40 


3.87x10 


-40 


-9.113x10+°^ 


3.89x10- 


-01 


3.37x10- 


-01 


0.012 


4.57x10" 


-39 


6.75x10 


-39 


9.96x10 


-39 


-8.789 xl0+°i 


3.92x10- 


-01 


2.60x10- 


-01 


0.013 


8.14x10" 


-38 


1.20x10 


-37 


1.75x10 


-37 


-8.502x10+°^ 


3.83x10- 


-01 


4.75x10- 


-01 


0.014 


1.10x10" 


-36 


1.63x10 


-36 


2.40x10 


-36 


-8.241x10+°^ 


3.87x10- 


-01 


2.63x10- 


-01 


0.015 


1.19x10" 


-35 


1.73x10 


-35 


2.54x10 


-35 


-8.004x10+°^ 


3.85x10- 


-01 


1.51x10- 


-01 


0.016 


1.04x10" 


-34 


1.52x10 


-34 


2.20x10 


-34 


-7.788 xl0+°i 


3.81x10- 


-01 


3.14x10- 


-01 


0.018 


4.73x10" 


-33 


7.00x10 


-33 


1.03x10 


-32 


-7.404x10+°^ 


3.87x10- 


-01 


3.30x10- 


-01 


0.020 


1.29x10" 


-31 


1.89x10 


-31 


2.79x10 


-31 


-7.074x10+°^ 


3.83x10- 


-01 


2.42x10- 


-01 


0.025 


9.59x10" 


-29 


1.42x10 


-28 


2.10x10 


-28 


-6.412x10+°^ 


3.92x10- 


-01 


4.30x10- 


-01 


0.030 


1.47x10" 


-26 


2.17x10 


-26 


3.24x10 


-26 


-5.909x10+°^ 


3.93x10- 


-01 


5.09x10- 


-01 


0.040 


2.32x10" 


-23 


3.39x10 


-23 


5.00x10 


-23 


-5.174x10+°^ 


3.86x10- 


-01 


3.20x10- 


-01 


0.050 


4.28x10" 


-21 


6.17x10 


-21 


8.99x10 


-21 


-4.653x10+°^ 


3.81x10- 


-01 


4.94x10- 


-01 


0.060 


2.25x10" 


-19 


3.32x10 


-19 


4.84x10 


-19 


-4.255x10+°^ 


3.88x10- 


-01 


2.60x10- 


-01 


0.070 


5.45x10" 


-18 


7.96x10 


-18 


1.17x10 


-17 


-3.937x10+°^ 


3.86x10- 


-01 


1.65x10- 


-01 


0.080 


9.32x10" 


-17 


1.31x10 


-16 


1.84x10 


-16 


-3.657x10+°^ 


3.47x10- 


-01 


6.53x10- 


-01 


0.090 


2.08x10" 


-15 


3.21x10 


-15 


5.15x10 


-15 


-3.335 xl0+°i 


4.60x10- 


-01 


6.20x10+°° 


0.100 


5.88x10" 


-14 


1.00x10 


-13 


1.72x10 


-13 


-2.993x10+°^ 


5.41x10- 


-01 


1.16x10+°° 


0.110 


1.21x10" 


-12 


2.06x10 


-12 


3.42x10 


-12 


-2.691 xl0+°i 


5.28x10- 


-01 


3.79x10- 


-01 


0.120 


1.57x10" 


-11 


2.60x10 


-11 


4.19x10 


-11 


-2.438x10+01 


5.00x10- 


-01 


4.08x10- 


-01 


0.130 


1.38x10" 


-10 


2.23x10 


-10 


3.49x10 


-10 


-2.223x10+°^ 


4.74x10- 


-01 


4.15x10- 


-01 


0.140 


8.81x10" 


-10 


1.39x10 


-09 


2.14x10 


-09 


-2.040x10+°! 


4.54x10- 


-01 


4.14x10- 


-01 


0.150 


4.36x10" 


-09 


6.78x10 


-09 


1.03x10 


-08 


-1.882x10+°! 


4.37x10- 


-01 


4.03x10- 


-01 


0.160 


1.76x10" 


-08 


2.69x10 


-08 


4.03x10 


-08 


-1.744x10+"! 


4.24x10- 


-01 


3.90x10- 


-01 


0.180 


1.75x10" 


-07 


2.63x10 


-07 


3.90x10- 


-07 


-1.515x10+°! 


4.05x10- 


-01 


3.89x10- 


-01 


0.200 


1.08x10" 


-06 


1.61x10 


-06 


2.36x10 


-06 


-1.334x10+°! 


3.92x10- 


-01 


4.05x10- 


-01 


0.250 


2.83x10" 


-05 


4.15x10 


-05 


6.02x10 


-05 


-1.009x10+°! 


3.77x10- 


-01 


2.46x10- 


-01 


0.300 


2.51x10" 


-04 


3.64x10 


-04 


5.29x10 


-04 


-7.921x10+°° 


3.77x10- 


-01 


2.08x10- 


-01 
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Table B.47 - continued 



T (GK) Low rate Median rate High rate lognornial /i lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



1.21xl0""3 

4.08x10-°^ 
1.10x10""^ 

2.50xl0-"2 
9.45xl0^"2 

2.66x10""^ 
6.09xl0-*'i 
1.20x10+°" 
2.10x10+°° 
5.91x10+°° 
1.18x10+°! 
1.94x10+°! 
(2.80x10+°! 
(4.86x10+°! 
(7.16x10+°! 
(9.49x10+°! 
(1.19xl0+°2 
(1.66xl0+°2 
(2.13xl0+°2 
(2.57xl0+°2 
(2.98xl0+°2 
(3.37xl0+°2 
(3.80xl0+°2 



1.77x10-°-'' 
6.14x10-°^ 
1.70xl0-°2 
3.97xl0-°2 
1.54x10"°! 
4.27x10"°! 
9.39x10"°! 
1.78x10+°° 
2.97x10+°° 
7.79x10+°° 
1.51x10+°! 
2.44x10+°! 
(3.55x10+°! 
(6.14x10+°! 
(9.06x10+°! 
(1.20xl0+°2 
(1.51xl0+°2 
(2.11xl0+°2 
(2.69xl0+°2 
(3.24xl0+°2 
(3.77xl0+°2 
(4.26xl0+°2 
(4.81x10+°^ 



2.63xl0-°3 
9.42x10"°-'' 
2.67xl0-°2 
6.37xl0-°2 
2.45x10-°! 
6.52x10"°! 
1.38x10+"° 
2.52x10+"° 
4.12x10+°° 
1.02x10+°! 
1.94x10+"! 
3.09x10+°! 
(4.48x10+"!) 
(7.77x10+°!) 
(1.15xl0+°2) 
(1.52xl0+°2) 
(1.91xl0+°2) 
(2.66xl0+°2) 
(3.41xl0+°2) 
(4.10xl0+°2) 
(4.76xl0+°2) 
(5.38xl0+°2) 
(6.08xl0+°2) 



-6.329x10+"° 
-5.085x10+"° 
-4.071x10+"° 
-3.223x10+"° 
-1.881x10+"° 
-8.679x10"°! 
-7.662xl0-°2 
5.589x10"°! 
1.081x10+"° 
2.052x10+°° 
2.718x10+°° 
3.196x10+°° 
(3.569x10+°° 
(4.118x10+°° 
(4.506x10+°° 
(4.787x10+°° 
(5.017x10+°° 
(5.350x10+°° 
(5.596x10+°° 
(5.782x10+°° 
(5.931x10+°° 
(6.054x10+°° 
(6.176x10+°° 



3.93x10-"! 3 
4.17x10""! 1 
4.42x10""! 1 
4.59x10""! 1 
4.65x10""! 2 
4.41x10""! 4 
4.05x10""! 3 
3.68x10""! 2 
3.35x10"°! 1 
2.78x10"°! 2 
2.49x10"°! 1 
2.36x10"°! 2 

(2.35x10"°!) 

(2.35x10"°!) 

(2.35x10"°!) 

(2.35x10"°!) 

(2.35x10"°!) 

(2.35x10"°!) 

(2.35x10"°!) 

(2.35x10"°!) 

(2.35x10"°!) 

(2.35x10"°!) 

(2.35x10"°!) 



.40x10"°! 
.18x10+"° 
.37x10+"° 
.05x10+"° 
.35x10+"° 
.08x10+°° 
.80x10+°° 
.32x10+°° 
.06x10+°° 
.20x10"°! 
.88x10"°! 
.94x10"°! 



Comments: Altogether 8 resonances at energies of E^"* = 305 — 1443 keV are con- 
sidered for calculating the reaction rates. Their energies are obtained from measured 
excitation energies [78,20] and the reaction Q-value. The exception is the EJ;™ = 489 
keV resonance for which the corresponding level has not been observed. Its excitation 
energy is obtained by applying the Isobaric Multiplet Mass Equation (IMME), with a 
corresponding uncertainty of about 40 keV (see Iliadis et al. [131] for details). The spins 
and parities of the resonances are not known unambiguously. They are based here on 
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experimental J"^ restrictions, comparison of mirror reaction cross sections, and the appli- 
cation of the IMME. Note that the present resonance energies and some J'^ assignments 
differ in general from those of Iliadis et al. [131] since new information became recently 
available [97,20]. In particular we assume that the E^; = 5217 kcV level from Fynbo ct al. 
[97] is the same as the E^^ = 5288 keV (3~) level of Yokota et al. [262] (comparison of the 
excitation energies in Refs. [262,97] shows that the former values are too high by about 
30 — 50 kcV). Obviously, an experimental verification of the present assignments is 
desirable. Proton partial widths are calculated by using C'^S values of ^°Si mirror states 
(we estimate a value of C'^S = 0.02 for E$;™ = 737 keV from the published (d,p) angular 
distribution of Mackh et al. [162]). Gamma-ray partial widths are estimated using mea- 
sured lifetimes of ^°Si mirror states, except for EJ;™ = 990 keV for which no measured 
lifetime is available; here we roughly estimate the transition strengths using RUL's and 
the known 7-ray branching and mixing ratios of the E^, = 5614 keV mirror in "^"Si. The 
direct capture S-factor is also computed using experimental C^S* values of '^"Si mirror 
states. 
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Table B.48: Total thermonuclear reaction rates for ^^P(p,7)^^S. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 




0.010 


1.08x10" 


-41 


1.59x10 


-41 


2.35x10" 


-41 


-9.394x10+°^ 


3.84x10" 


-01 


5.78x10- 


-01 


0.011 


4.18x10" 


-40 


6.15x10 


-40 


8.92x10" 


-40 


-9.029x10+°^ 


3.75x10- 


-01 


4.65x10- 


-01 


0.012 


1.08x10" 


-38 


1.58x10 


-38 


2.31x10" 


-38 


-8.704 xl0+°i 


3.84x10" 


-01 


2.13x10- 


-01 


0.013 


1.94x10" 


-37 


2.85x10 


-37 


4.17x10" 


-37 


-8.415x10+°^ 


3.82x10- 


-01 


4.30x10- 


-01 


0.014 


2.62x10" 


-36 


3.87x10 


-36 


5.66x10" 


-36 


-8.154x10+°^ 


3.89x10" 


-01 


4.22x10- 


-01 


0.015 


2.83x10" 


-35 


4.17x10 


-35 


6.10x10" 


-35 


-7.917x10+°^ 


3.87x10- 


-01 


2.19x10- 


-01 


0.016 


2.46x10" 


-34 


3.60x10 


-34 


5.30x10" 


-34 


-7.700 xl0+°i 


3.88x10- 


-01 


7.66x10- 


-01 


0.018 


1.15x10" 


-32 


1.68x10 


-32 


2.44x10" 


-32 


-7.317x10+°^ 


3.84x10- 


-01 


3.24x10- 


-01 


0.020 


3.12x10" 


-31 


4.54x10 


-31 


6.70x10" 


-31 


-6.986x10+°^ 


3.85x10- 


-01 


3.56x10- 


-01 


0.025 


2.36x10" 


-28 


3.44x10 


-28 


5.03x10" 


-28 


-6.323x10+°^ 


3.80x10- 


-01 


4.04x10- 


-01 


0.030 


3.61x10" 


-26 


5.30x10 


-26 


7.75x10" 


-26 


-5.820x10+°^ 


3.84x10- 


-01 


4.13x10- 


-01 


0.040 


6.23x10" 


-23 


8.87x10 


-23 


1.27x10" 


-22 


-5.078x10+°^ 


3.52x10- 


-01 


3.84x10- 


-01 


0.050 


1.14x10" 


-19 


1.74x10 


-19 


2.82x10" 


-19 


-4.317x10+°^ 


4.55x10- 


-01 


6.22x10+°° 


0.060 


1.28x10" 


-16 


2.05x10 


-16 


3.38x10" 


-16 


-3.611x10+°^ 


4.92x10- 


-01 


7.12x10- 


-01 


0.070 


2.22x10" 


-14 


3.49x10 


-14 


5.59x10" 


-14 


-3.098x10+°^ 


4.65x10- 


-01 


3.35x10- 


-01 


0.080 


1.06x10" 


-12 


1.62x10 


-12 


2.53x10" 


-12 


-2.714x10+°^ 


4.40x10- 


-01 


2.96x10- 


-01 


0.090 


2.11x10" 


-11 


3.16x10 


-11 


4.82x10" 


-11 


-2.418x10+°^ 


4.21x10- 


-01 


3.51x10- 


-01 


0.100 


2.26x10" 


-10 


3.35x10 


-10 


5.00x10" 


-10 


-2.182x10+°^ 


4.05x10- 


-01 


3.68x10- 


-01 


0.110 


1.55x10" 


-09 


2.27x10 


-09 


3.36x10" 


-09 


-1.990x10+°! 


3.93x10- 


-01 


3.68x10- 


-01 


0.120 


7.67x10" 


-09 


1.11x10 


-08 


1.63x10" 


-08 


-1.831x10+°! 


3.81x10- 


-01 


3.48x10- 


-01 


0.130 


2.96x10" 


-08 


4.26x10 


-08 


6.15x10" 


-08 


-1.697x10+°! 


3.70x10- 


-01 


3.29x10- 


-01 


0.140 


9.54x10" 


-08 


1.35x10 


-07 


1.93x10" 


-07 


-1.581x10+°! 


3.55x10- 


-01 


3.74x10- 


-01 


0.150 


2.71x10" 


-07 


3.77x10 


-07 


5.27x10" 


-07 


-1.479x10+"! 


3.33x10- 


-01 


6.67x10" 


-01 


0.160 


7.11x10" 


-07 


9.58x10 


-07 


1.31x10" 


-06 


-1.385x10+"! 


3.03x10- 


-01 


1.51x10" 


fOO 


0.180 


4.31x10" 


-06 


5.33x10 


-06 


6.75x10" 


-06 


-1.213x10+"! 


2.25x10- 


-01 


4.37x10" 


fOO 


0.200 


2.27x10" 


-05 


2.66x10 


-05 


3.13x10" 


-05 


-1.053x10+"! 


1.62x10" 


-01 


2.57x10" 


fOO 


0.250 


6.78x10" 


-04 


7.68x10 


-04 


8.75x10" 


-04 


-7.169x10+"° 


1.28x10" 


-01 


1.43x10" 


fOO 


0.300 


7.86x10" 


-03 


8.87x10 


-03 


10.00x10 


-03 


-4.726x10+°° 


1.21x10- 


-01 


1.03x10+°° 



222 



Table B.48 - continued 



T (GK) Low rate Median rate High rate lognormal ji lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



4.78xl0""2 

1.91x10-"^ 
5.72x10-"! 
1.40x10+°" 
5.44x10+°" 
1.46x10+°! 
3.09x10+°! 
5.58x10+°! 
8.99x10+°! 
2.16xl0+°2 
4.00xl0+°2 
6.42xl0+°2 
9.45xl0+°2 
1.72x10+°^ 
2.66x10+°^ 
3.67x10+°^ 
4.74x10+°^ 
6.83x10+°^ 
8.87x10+°^ 
1.08x10+°^ 
1.25x10+°^ 
1.40x10+°^ 
1.58x10+°^ 



5.36xl0-°2 
2.12x10"°! 
6.31x10-°! 
1.53x10+°" 
5.96x10+°° 
1.60x10+"! 
3.40x10+°! 
6.12x10+°! 
9.85x10+°! 
2.36xl0+°2 
4.34xl0+°2 
6.92xl0+°2 
1.01xl0+°3 
1.81x10+°^ 
(2.80x10+°^) 
(3.86x10+03) 
(4.98x10+°^) 
(7.18x10+03) 
(9.32xl0+°3) 
(1.13x10+°^) 
(1.31x10+04) 
(1.48x10+04) 
(1.66x10+04) 



5.97x10-02 
2.35x10-°! 
6.96x10-°! 
1.69x10+"° 
6.52x10+"° 
1.75x10+"! 
3.71x10+"! 
6.69x10+"! 
1.08xl0+"2 
2.57xl0+"2 
4.69xl0+"2 
7.42x10+02 
1.07x10+03 
1.91x10+03 
(2.94x10+03) 
(4.06xl0+°3) 
(5.23x10+03) 
(7.54x10+03) 
(9.80x10+03) 
(1.19x10+04) 
(1.38x10+04) 
(1.55x10+04) 
(1.74x10+04) 



-2.928x10+0° 
-1.551x10+0° 
-4.598x10-0! 
4.278x10-°! 
1.785x10+0" 
2.773x10+"" 
3.524x10+"" 
4.114x10+"" 
4.589x10+"" 
5.462x10+00 
6.072x10+00 
6.538x10+00 
6.916x10+00 
7.502x10+00 
(7.936x10+00) 
(8.259x10+00) 
(8.512x10+00) 
(8.879x10+00) 
(9.140x10+00) 
(9.332x10+00) 
(9.482x10+00) 
(9.599x10+00) 
(9.717x10+00) 



1.12x10-0! 6 
1.04x10-0! 2 
9.83x10-02 1 
9.44x10-02 2 
9.11x10-02 2 
9.07x10-02 3 
9.11x10-02 4 
9.12x10-02 3 
9.07x10-02 3 
8.67x10-02 2 
8.00x10-02 3 
7.24x10-02 4 
6.52x10 - 02 4 
5.46x10-02 5 
(4.94x10-02) 
(4.94x10-02) 
(4.94x10-02) 
(4.94x10-02) 
(4.94x10-02) 
(4.94x10-02) 
(4.94x10-02) 
(4.94x10-02) 
(4.94x10-02) 



,47x10-°! 
,25x10-°! 
,38x10-°! 
,16x10-°! 
,11x10-°! 
,09x10-°! 
,32x10-°! 
,79x10-°! 
,42x10-°! 
,94x10-°! 
,89x10-°! 
,77x10-0! 
,61x10-°! 
,71x10-01 



Comments: In total, 41 resonances at E^™ = 159 — 1963 keV are taken into account 
for the calculation of the total reaction rate. The direct capture S-factor is adopted from 
Iliadis ct al. [126]. Resonance energies and strengths arc adopted from Endt [78,79], 
where the latter values are renormalized using the standard strengths given in Tab. 1 of 
Iliadis et al. [131]. The subthreshold level at Ej, = 8861 keV (2+) has not been taken 
into account since its contribution is negligible [126]. For information on unobserved 
low-energy resonances, see the comments in Ref. [126]. Two levels are omitted in the 
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Temperature (GK) 

present work: (i) E,,. = 9138 kcV, since its observation has only been reported as a 
private communication [139] (it has not been observed in proton transfer), and (ii) = 
9196 keV, since Ref. [79] considers it to be identical to the E^ = 9208 keV level. The 
interference of the two 1~ resonances at EJ;™ = 372 and 1468 kcV is explicitly taken into 
account (the interference has an unknown sign and is thus sampled by using a binary 
probability density; see Sec 4.4 in Paper I). 
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5.0e-26 1.0e-25 1.5e-25 2.0e-25 "^.Oe+OO 4.0e-16 8.0e-16 1.2e-15 
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Table B.49: Total thermonuclear reaction rates for ^^P(p,a)^*Si. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


2.78x10" 


-46 


1.54x10" 


-44 


9.29x10" 


-44 


-1.017xl0"^°2 


2.85x10+°° 


2.58xl0+°2 


0.011 


1.14x10" 


-44 


1.69x10" 


-42 


3.76x10" 


-42 


-9.797x10^-°^ 


2.82x10+°° 


2.77xl0+°2 


0.012 


2.78x10" 


-43 


1.15x10" 


-41 


9.69x10" 


-41 


-9.482 xl0-^°i 


2.86x10+°° 


2.58xl0+°2 


0.013 


6.77x10" 


-42 


7.70x10" 


-40 


1.82x10" 


-39 


-9.177x10"^°^ 


2.78x10+°° 


2.68xl0+°2 


0.014 


7.69x10" 


-41 


5.35x10" 


-39 


2.53x10" 


-38 


-8.918x10"^°^ 


2.83x10+°° 


2.66xl0+°2 


0.015 


8.74x10" 


-40 


1.04x10" 


-37 


2.83x10" 


-37 


-8.676 xl0-^°^ 


2.81x10+°° 


2.71xl0+°2 


0.016 


8.46x10" 


-39 


1.24x10" 


-36 


2.53x10" 


-36 


-8.450x10"^°^ 


2.78x10+°° 


2.84xl0+°2 


0.018 


4.29x10" 


-37 


5.76x10" 


-35 


1.23x10" 


-34 


-8.061x10"^°^ 


2.76x10+°° 


2.80xl0+°2 


0.020 


1.20x10" 


-35 


1.56x10" 


-33 


3.50x10" 


-33 


-7.726 xl0-^°^ 


2.75x10+°° 


2.74xl0+°2 


0.025 


1.15x10" 


-32 


4.62x10" 


-31 


2.96x10" 


-30 


-7.051x10^-01 


2.67x10+°° 


2.47xl0+°2 


0.030 


2.92x10" 


-30 


1.83x10" 


-28 


5.14x10" 


-28 


-6.511 xl0"^°i 


2.39x10+°° 


2.81xl0+°2 


0.040 


1.01x10" 


-24 


1.86x10" 


-24 


3.02x10" 


-24 


-5.470 xl0"^°i 


5.66x10"°! 


1.56x10+°! 


0.050 


5.86x10" 


-21 


9.93x10" 


-21 


1.70x10" 


-20 


-4.606 xl0"^°i 


5.31x10"°! 


2.06x10"°! 


0.060 


2.28x10" 


-18 


3.72x10" 


-18 


6.04x10" 


-18 


-4.013x10^-01 


4.93x10"°! 


1.91x10"°! 


0.070 


1.66x10" 


-16 


2.64x10" 


-16 


4.18x10" 


-16 


-3.588x10"^°! 


4.68x10"°! 


7.86x10"°! 


0.080 


4.11x10" 


-15 


6.70x10" 


-15 


1.05x10" 


-14 


-3.265 xl0-^°i 


4.75x10"°! 


1.82x10+°° 


0.090 


4.97x10" 


-14 


8.42x10" 


-14 


1.38x10" 


-13 


-3.012x10^-01 


5.15x10"°! 


1.06x10+°° 


0.100 


3.65x10" 


-13 


6.48x10" 


-13 


1.15x10" 


-12 


-2.807x10-^°! 


5.71x10"°! 


4.74x10"°! 


0.110 


1.94x10" 


-12 


3.58x10" 


-12 


6.80x10" 


-12 


-2.634x10^-01 


6.17x10"°! 


2.07x10+°° 


0.120 


9.42x10" 


-12 


1.66x10" 


-11 


3.19x10" 


-11 


-2.478 xl0-^°i 


5.96x10"°! 


9.39x10+°° 


0.130 


5.36x10" 


-11 


8.19x10" 


-11 


1.40x10" 


-10 


-2.317x10^-01 


4.79x10"°! 


1.85x10+°! 


0.140 


3.38x10" 


-10 


4.66x10" 


-10 


6.72x10" 


-10 


-2.147x10+°! 


3.48x10"°! 


5.89x10+°° 


0.150 


1.98x10" 


-09 


2.63x10" 


-09 


3.51x10" 


-09 


-1.976x10+°! 


2.86x10"°! 


4.73x10"°! 


0.160 


9.92x10" 


-09 


1.31x10" 


-08 


1.72x10" 


-08 


-1.816x10+"! 


2.73x10"°! 


3.02x10"°! 


0.180 


1.56x10" 


-07 


2.06x10" 


-07 


2.69x10" 


-07 


-1.540x10+°! 


2.72x10"°! 


9.17x10"°! 


0.200 


1.46x10" 


-06 


1.90x10" 


-06 


2.50x10" 


-06 


-1.317x10+"! 


2.78x10""! 


6.01x10"°! 


0.250 


7.76x10" 


-05 


1.02x10" 


-04 


1.34x10" 


-04 


-9.188x10+"° 


2.73x10-"! 


4.22x10-°! 


0.300 


1.09x10" 


-03 


1.42x10" 


-03 


1.86x10" 


-03 


-6.555x10+°° 


2.66x10"°! 


6.03x10"°! 
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Table B.49 - continued 



T (GK) Low rate Median rate High rate lognormal fi lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



7.76xl0-"3 

3.72x10""^ 
1.43x10-"^ 
4.52x10""! 
2.93x10+°° 
1.19x10+°! 
3.53x10+°! 
8.52x10+°! 
1.79xl0+°2 
8.19xl0+°2 
2.93xl0+°3 
8.64x10+°^ 
2.13x10+°^ 
7.77x10+°^ 
2.00x10+°^ 
4.22x10+°^ 
7.82x10+°^ 
2.04x10+°^ 
4.11x10+°^ 
7.12x10+°^ 
1.10x10+°^ 
1.56x10+°^ 
2.22x10+°^ 



9.73x10-°-'' 
4.59xl0-°2 
1.71x10-°! 
5.42x10-°! 
3.50x10+°° 
1.44x10+"! 
4.28x10+°! 
1.02xl0+°2 
2.12xl0+°2 
9.25xl0+°2 
3.22xl0+°3 
9.48x10+°^ 
2.35x10+°" 
(8.56 X 10+°") 
(2.20x10+°^) 
(4.66x10+°^) 
(8.62x10+°^) 
(2.25x10+°^) 
(4.54x10+°^) 
(7.85x10+°^) 
(1.21x10+°^) 
(1.72x10+°^) 
(2.44x10+°^) 



1.23xl0-°2 
5.63xl0-°2 
2.06x10-°! 
6.46x10-°! 
4.25x10+"° 
1.76x10+"! 
5.22x10+"! 
1.24xl0+"2 
2.52xl0+"2 
1.05xl0+°3 
3.55xl0+°3 
1.04x10+°" 
2.60x10+"" 
(9.44x10+"" 
(2.43x10+°^ 
(5.13x10+°^ 
(9.51x10+°^ 
(2.48xl0+°6 
(5.00xl0+°6 
(8.65xl0+°6 
(1.34x10+°^ 
(1.90x10+°^ 
(2.70x10+°^ 



-4.628x10+"° 
-3.081x10+"° 
-1.762x10+"° 
-6.141x10-°! 
1.259x10+"" 
2.669x10+"" 
3.758x10+"" 
4.629x10+"" 
5.356x10+"" 
6.833x10+"° 
8.078x10+"° 
9.158x10+°° 
1.006x10+°! 
(1.136x10+01 
(1.230x10+01 
(1.305x10+01 
(1.367x10+01 
(1.462x10+01 
(1.533x10+01 
(1.588x10+01 
(1.631x10+01 
(1.666x10+01 
(1.701x10+01 



2.35x10-"! 1 

2.04x10-"! 7 

1.81x10-"! 7 

1.76x10-"! 4 



1.88x10-"! 5 



1.98x10-"! 4 
1.96x10-°! 3 
1.86x10-°! 5 
1.72x10-°! 1 
1.24x10-01 2 
9.53xl0-°2 3 
9.49x10-02 4 
9.81x10-02 2 
(9.78x10-02) 
(9.78x10-02) 
(9.78x10-02) 
(9.78x10-02) 
(9.78x10-02) 
(9.78x10-02) 
(9.78x10-02) 
(9.78x10-02) 
(9.78x10-02) 
(9.78x10-02) 



,18x10+"° 
,63x10-°! 
,47x10-°! 
,79x10-°! 
,49x10-°! 
,89x10-°! 
,44x10-°! 
,97x10-°! 
,05x10+°° 
,18x10+°° 
,91x10-°! 
,92x10-01 
,69x10-°! 



Comments: In total, 41 resonances at E^™ = 159 — 2942 keV are taken into account for 
the calculation of the total reaction rate. Resonance energies and strengths are adopted 
from Endt [78,79]. Note that no reliable resonance strength standard is available for this 
reaction. The subthreshold level at E^, = 8861 keV (2+) has not been taken into account 
since its contribution is expected to be small [126]. For information on unobserved low- 
energy resonances, see the comments in Ref. [126]. Two levels are omitted in the present 
work: (i) E^, = 9138 keV, since its observation has only been reported as a private 
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Temperature (GK) 

communication [139] (it has not been observed in proton transfer), and (ii) Ej. = 9196 
keV, since Ref. [79] considers it to be identical to the E^; = 9208 keV level. The existence 
of some a-particle strength near the proton threshold is apparent from the measured 
^®Si(^Li,d)''^S spectrum, shown in Fig. 4 of Ref. [228]. The interference of the two 1~ 
resonances at EJ;™ = 372 and 1468 keV is explicitly taken into account, giving rise to the 
bimodal reaction rate probability density function at temperatures below 40 MK, as can 
be seen in the panel below. (The interference has an unknown sign and is thus sampled 
by using a binary probability density; see Sec 4.4 in Paper I). 
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Table B.50: Total thermonuclear reaction rates for ^'^S(p,7)^^Cl. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal /i 


lognormal a 


A-D 




0.010 


1.53x10 


-45 


2.44x10" 


-45 


3.92x10- 


-45 


-1.027x10+°^ 


4.71x10" 


-01 


2.23x10" 


-01 


0.011 


7.00x10 


-44 


1.12x10" 


-43 


1.78x10" 


-43 


-9.890x10+°! 


4.71x10" 


-01 


1.93x10" 


-01 


0.012 


2.01x10 


-42 


3.28x10" 


-42 


5.23x10" 


-42 


-9.553x10+°! 


4.76x10" 


-01 


5.31x10" 


-01 


0.013 


4.17x10 


-41 


6.64x10" 


-41 


1.06x10" 


-40 


-9.251x10+°! 


4.73x10" 


-01 


2.25x10" 


-01 


0.014 


6.41x10 


-40 


1.01x10" 


-39 


1.66x10" 


-39 


-8.978x10+°! 


4.75x10" 


-01 


9.00x10" 


-01 


0.015 


7.59x10 


-39 


1.20x10" 


-38 


1.95x10" 


-38 


-8.731x10+°! 


4.73x10" 


-01 


5.32x10" 


-01 


0.016 


7.29x10 


-38 


1.16x10" 


-37 


1.86x10" 


-37 


-8.505x10+°! 


4.70x10" 


-01 


2.36x10" 


-01 


0.018 


4.06x10 


-36 


6.48x10" 


-36 


1.02x10" 


-35 


-8.103x10+°! 


4.63x10" 


-01 


7.54x10" 


-01 


0.020 


1.27x10 


-34 


2.06x10" 


-34 


3.31x10" 


-34 


-7.757x10+°! 


4.75x10" 


-01 


4.70x10" 


-01 


0.025 


1.26x10 


-31 


2.04x10" 


-31 


3.27x10" 


-31 


-7.067x10+°! 


4.74x10" 


-01 


2.72x10" 


-01 


0.030 


2.48x10 


-29 


3.98x10" 


-29 


6.30x10" 


-29 


-6.540x10+°! 


4.69x10" 


-01 


3.98x10" 


-01 


0.040 


5.34x10 


-26 


8.49x10" 


-26 


1.35x10" 


-25 


-5.773x10+°! 


4.70x10" 


-01 


1.88x10" 


-01 


0.050 


1.26x10 


-23 


2.04x10" 


-23 


3.27x10" 


-23 


-5.225x10+°! 


4.77x10" 


-01 


2.42x10" 


-01 


0.060 


7.98x10 


-22 


1.30x10" 


-21 


2.08x10" 


-21 


-4.810x10+°! 


4.79x10" 


-01 


5.02x10" 


-01 


0.070 


2.23x10 


-20 


3.58x10" 


-20 


5.65x10" 


-20 


-4.479x10+°! 


4.72x10" 


-01 


3.66x10" 


-01 


0.080 


3.40x10 


-19 


5.51x10" 


-19 


8.80x10" 


-19 


-4.204x10+°! 


4.68x10" 


-01 


3.80x10" 


-01 


0.090 


3.44x10 


-18 


5.53x10" 


-18 


8.82x10" 


-18 


-3.974x10+°! 


4.67x10" 


-01 


2.67x10" 


-01 


0.100 


2.57x10 


-17 


4.09x10" 


-17 


6.54x10" 


-17 


-3.774x10+°! 


4.67x10" 


-01 


2.83x10" 


-01 


0.110 


1.52x10 


-16 


2.41x10" 


-16 


3.86x10" 


-16 


-3.596x10+°! 


4.69x10" 


-01 


6.58x10" 


-01 


0.120 


8.41x10 


-16 


1.34x10" 


-15 


2.21x10" 


-15 


-3.422x10+°! 


5.13x10" 


-01 


1.01x10+°! 


0.130 


4.90x10 


-15 


8.64x10" 


-15 


1.88x10" 


-14 


-3.228x10+°! 


7.37x10" 


-01 


6.62x10+°! 


0.140 


3.27x10 


-14 


7.44x10" 


-14 


2.30x10" 


-13 


-3.010x10+°! 


9.78x10" 


-01 


3.97x10+°! 


0.150 


2.55x10 


-13 


7.15x10" 


-13 


2.33x10" 


-12 


-2.790x10+°! 


1.09x10+°° 


8.93x10+°° 


0.160 


1.97x10 


-12 


5.75x10" 


-12 


1.81x10" 


-11 


-2.585x10+°! 


1.10x10+°° 


1.78x10+°° 


0.180 


7.11x10 


-11 


1.95x10" 


-10 


5.54x10" 


-10 


-2.234x10+°! 


1.02x10+°° 


4.03x10" 


-01 


0.200 


1.28x10 


-09 


3.26x10" 


-09 


8.47x10" 


-09 


-1.953x10+°! 


9.46x10" 


-01 


2.89x10" 


-01 


0.250 


2.22x10 


-07 


4.93x10" 


-07 


1.10x10" 


-06 


-1.452x10+°! 


8.01x10" 


-01 


2.32x10" 


-01 


0.300 


6.61x10 


-06 


1.33x10" 


-05 


2.68x10" 


-05 


-1.122x10+°! 


7.10x10" 


-01 


2.31x10" 


-01 
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Table B.50 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognorinal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



7.10xl0""-'^ 
4.10x10""* 
1.56x10""-^ 
4.46x10-"-'* 
2.08x10""^ 
6.03xl0""2 
1.30x10-"! 
2.30x10-"! 
3.57x10-"! 
7.51x10-0^ 
1.18x10+°" 
1.57x10+™ 
1.92x10+"" 
2.51x10+00 
3.02x10+™ 
3.50x10+00 
3.88x10+00 
4.45x10+00 
4.54x10+00 
4.38x10+00 
4.12x10+00 
3.88x10+00 
3.70x10+00 



1.35x10-"'' 
7.47x10-"* 
2.77x10-"-' 
7.78x10-"-' 
3.53xl0-"2 
1.00x10-"! 
2.13x10-"! 
3.77x10-"! 
5.82x10-"! 
1.22x10+00 
1.91x10+00 
2.53x10+00 
3.07x10+0" 
3.90x10+00 
4.52x10+00 
5.04x10+00 
5.48x10+00 
6.07x10+00 
6.17x10+00 
5.99x10+00 
5.64x10+00 
5.39x10+00 
5.18x10+00 



2.59x10-"* 
1.37x10-03 
4.94x10-"-'' 
1.36x10-02 
6.00x10-02 
1.68x10-"! 
3.52x10-0! 
6.16x10-0! 
9.47x10-0! 
1.96x10+00 
3.05x10+00 
4.04x10+00 
4.88x10+00 
6.12x10+00 
6.96x10+00 
7.57x10+00 
8.03x10+00 
8.52x10+00 
8.56x10+00 
8.28x10+00 
7.90x10+00 
7.58x10+00 
7.31x10+00 



-8.905x10+0" 
-7.193x10+0" 
-5.883x10+0" 
-4.852x10+0" 
-3.341x10+0" 
-2.298x10+0" 
-1.542x10+0" 
-9.751x10-"! 
-5.382x10""! 
1.987x10-01 
6.420x10-01 
9.273x10-01 
1.122x10+00 
1.366x10+00 
1.520x10+00 
1.633x10+00 
1.717x10+00 
1.815x10+00 
1.830x10+00 
1.795x10+00 
1.740x10+00 
1.691x10+00 
1.651x10+00 



6.51x10-01 
6.10x10-01 
5.81x10-01 
5.59x10-01 
5.31x10-01 
5.13x10-01 
5.02x10-01 
4.95x10-01 
4.90x10-01 
4.82x10-01 
4.77x10-01 
4.72x10-01 
4.65x10-01 
4.45x10-01 
4.18x10-01 
3.89x10-01 
3.64x10-01 
3.31x10-01 
3.18x10-01 
3.19x10-01 
3.28x10-01 
3.34x10-01 
3.38x10-01 



2.13x10-01 
2.11x10-01 
2.55x10-01 
2.87x10-01 
2.53x10-01 
2.12x10-01 
1.98x10-01 
2.03x10-01 
2.04x10-01 
2.04x10-01 
2.12x10-01 
2.54x10-01 
3.97x10-01 
9.67x10-01 
2.39x10+00 
3.78x10+00 
4.50x10+00 
3.69x10+00 
2.02x10+00 
1.44x10+00 
1.04x10+00 
7.34x10-01 
6.74x10-01 



Comments: Because of the small Q-value (Tab. 1) only the first and second excited 
states in ^iQl are expected to contribute to the resonant reaction rate. The second excited 
state has been observed at an excitation energy of E^; = 1754±3 keV by Fynbo et al. [97]; 
from their proton energy observed in the ^i Ar /3-delayed decay spectrum (Ep = 1416 ± 2 
keV) we find a resonance energy of EJ;™ = 1463 ± 2 keV. The resonance energy for 
the astrophysically more important first excited state was recently estimated using the 
isobaric multiplet mass equation (IMME), resulting in a value of EJ:"* = 453 ± 8 keV 
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[257]. This value is consistent with the energy of the proton peak (Ep = 446 ± 15 keV) 
observed in the '^^Ar /3-delayed decay work of Axelsson et ah [12]; the observed energy 
yields a resonance energy of E^™ = 461 ± 15 keV. Although we adopt this value for the 
resonance energy, an independent measurement would be highly desirable in view of the 
possibility that the observed proton peak in Ref. [12] may arise from the /3-delayed 2p- 
decay (instead of single proton emission) of Ar. The proton and 7-ray partial widths of 
these two resonances, as well as the direct capture S-factor, are derived from shell model 
results [119]. 
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Table B.51: Total thermonuclear reaction rates for ^^S(p,7)^^Cl. 



T (GK) Low rate Median rate High rate lognormal /x lognormal a A-D 



0.010 


2.33x10 


-44 


3.48x10" 


-44 


5.12x10 


-44 


-1.001x10+°^ 


3.89x10" 


-01 


4.83x10"°! 


0.011 


1.06x10 


-42 


1.57x10- 


-42 


2.32x10 


-42 


-9.625 xl0+°i 


3.85x10" 


-01 


3.57x10"°! 


0.012 


3.19x10 


-41 


4.66x10" 


-41 


6.80x10 


-41 


-9.287x10+°! 


3.81x10" 


-01 


2.25x10"°! 


0.013 


6.53x10 


-40 


9.52x10" 


-40 


1.40x10 


-39 


-8.985x10+°! 


3.83x10" 


-01 


5.53x10"°! 


0.014 


9.78x10 


-39 


1.44x10" 


-38 


2.11x10 


-38 


-8.713x10+°! 


3.90x10" 


-01 


3.03x10"°! 


0.015 


1.19x10 


-37 


1.74x10" 


-37 


2.57x10 


-37 


-8.464x10+°! 


3.89x10" 


-01 


2.91x10"°! 


0.016 


1.15x10 


-36 


1.70x10" 


-36 


2.45x10 


-36 


-8.237x10+°! 


3.85x10" 


-01 


7.08x10"°! 


0.018 


6.23x10 


-35 


9.13x10" 


-35 


1.33x10 


-34 


-7.838x10+°! 


3.80x10" 


-01 


2.33x10"°! 


0.020 


1.97x10 


-33 


2.89x10" 


-33 


4.25x10 


-33 


-7.492x10+°! 


3.85x10" 


-01 


4.41x10"°! 


0.025 


1.98x10 


-30 


2.95x10" 


-30 


4.31x10 


-30 


-6.801x10+°! 


3.86x10" 


-01 


4.60x10"°! 


0.030 


3.98x10 


-28 


5.84x10" 


-28 


8.63x10 


-28 


-6.271x10+°! 


3.84x10" 


-01 


6.29x10"°! 


0.040 


4.33x10 


-24 


1.17x10" 


-23 


3.59x10 


-23 


-5.274x10+°! 


1.02x10+°° 


5.95x10+°° 


0.050 


3.08x10 


-20 


7.18x10" 


-20 


1.59x10 


-19 


-4.410x10+°! 


8.34x10" 


-01 


2.82x10+°° 


0.060 


1.31x10 


-17 


2.44x10" 


-17 


4.37x10 


-17 


-3.827x10+°! 


6.11x10" 


-01 


3.41x10+°° 


0.070 


9.29x10 


-16 


1.51x10" 


-15 


2.39x10 


-15 


-3.414x10+°! 


4.76x10" 


-01 


2.06x10+°° 


0.080 


2.16x10 


-14 


3.24x10" 


-14 


4.82x10 


-14 


-3.106x10+°! 


4.06x10" 


-01 


5.35x10"°! 


0.090 


2.36x10 


-13 


3.45x10" 


-13 


5.07x10 


-13 


-2.869x10+°! 


3.82x10" 


-01 


3.91x10"°! 


0.100 


1.54x10 


-12 


2.26x10" 


-12 


3.33x10 


-12 


-2.681x10+°! 


3.86x10" 


-01 


5.54x10"°! 


0.110 


7.00x10 


-12 


1.04x10" 


-11 


1.55x10 


-11 


-2.529x10+°! 


4.04x10" 


-01 


7.02x10"°! 


0.120 


2.39x10 


-11 


3.67x10" 


-11 


5.61x10" 


-11 


-2.403x10+°! 


4.28x10" 


-01 


7.43x10"°! 


0.130 


6.69x10 


— 11 


1.06x10" 


-10 


1.65x10 


-10 


-2.298x10+°! 


4.54x10" 


-01 


9.83x10"°! 


0.140 


1.60x10 


-10 


2.61x10" 


-10 


4.15x10 


-10 


-2.208x10+°! 


4.80x10" 


-01 


1.29x10+°° 


0.150 


3.36x10 


-10 


5.65x10" 


-10 


9.19x10 


-10 


-2.131x10+°! 


5.04x10" 


-01 


1.57x10+°° 


0.160 


6.40x10 


-10 


1.10x10" 


-09 


1.83x10 


-09 


-2.064x10+°! 


5.26x10" 


-01 


1.80x10+°° 


0.180 


1.84x10 


-09 


3.31x10" 


-09 


5.72x10 


-09 


-1.954x10+°! 


5.65x10" 


-01 


2.08x10+°° 


0.200 


4.29x10 


-09 


7.86x10" 


-09 


1.41x10 


-08 


-1.868x10+°! 


5.94x10" 


-01 


2.00x10+°° 


0.250 


3.13x10 


-08 


4.93x10" 


-08 


8.14x10 


-08 


-1.680x10+°! 


4.74x10" 


-01 


2.63x10+°° 


0.300 


6.83x10 


-07 


9.10x10" 


-07 


1.22x10 


-06 


-1.391x10+°! 


2.91x10" 


-01 


4.26x10"°! 
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Table B.51 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognorinal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



1.19xl0"°-'^ 
1.10x10""'' 
6.31xl0""4 
2.53x10-"-'' 
2.01xl0-"2 
8.66xl0""2 
2.56x10-"! 
5.90x10-"! 
1.14x10+°" 
3.68x10+°" 
8.03x10+°" 
1.40x10+°! 
2.14x10+°! 
3.82x10+°! 
5.55x10+°! 
7.12x10+°! 
8.47x10+°! 
1.03xl0+°2 
1.14x10+°^ 
1.19x10+°^ 
1.19xl0+°2 
1.18x10+°^ 
1.15x10+°^ 



1.59x10-"'"^ 
1.48x10-""* 
8.44x10-"^ 
3.40 xlO-"-'' 
2.72xl0-°2 
1.18x10-"! 
3.50x10-°! 
8.05x10-°! 
1.56x10+"" 
4.99x10+°" 
1.07x10+°! 
1.85x10+°! 
2.79x10+°! 
4.95x10+°! 
7.16x10+°! 
9.21x10+°! 
1.09x10+°^ 
1.34x10+°^ 
1.48x10+°^ 
1.54x10+°^ 
1.56x10+°^ 
1.54xl0+°2 
1.50xl0+°2 



2.16x10-"-'^ 
2.02x10-°^^ 
1.16x10-"'"' 
4.68xl0-"3 
3.77xl0-"2 
1.65x10-°! 
4.91x10""! 
1.13x10+"° 
2.18x10+"" 
6.95x10+"° 
1.48x10+"! 
2.52x10+°! 
3.75x10+"! 
6.59x10+°! 
9.45x10+°! 
1.22xl0+°2 
1.45xl0+°2 
1.79xl0+°2 
1.98xl0+°2 
2.06xl0+°2 
2.08xl0+°2 
2.06xl0+°2 
2.01x10+°^ 



-1.105x10+"! 
-8.812x10+°" 
-7.067x10+"" 
-5.672x10+"" 
-3.592x10+°" 
-2.124x10+°" 
-1.037x10+°" 
-2.047x10-"! 
4.530x10""! 
1.618x10+"" 
2.384x10+"" 
2.931x10+°° 
3.341x10+"" 
3.911x10+°° 
4.280x10+°° 
4.531x10+°° 
4.704x10+°° 
4.912x10+°° 
5.012x10+°° 
5.054x10+°° 
5.062x10+°° 
5.049x10+°° 
5.023x10+°° 



3.02x10-"! 
3.05x10-"! 
3.10x10-"! 
3.15x10-"! 
3.23x10-"! 
3.29x10-°! 
3.33x10-"! 
3.34x10-°! 
3.33x10-"! 
3.24x10""! 
3.11x10""! 
2.97x10"°! 
2.87x10""! 
2.75x10"°! 
2.71x10"°! 
2.72x10"°! 
2.74x10"°! 
2.78x10"°! 
2.81x10"°! 
2.83x10"°! 
2.85x10"°! 
2.86x10"°! 
2.87x10"°! 



4.26x10"°! 
9.34x10"°! 
1.68x10+°° 
2.34x10+°° 
3.26x10+°° 
3.76x10+°° 
4.01x10+°° 
4.17x10+°° 
4.34x10+°° 
4.76x10+"° 
4.75x10+°° 
4.19x10+°° 
3.44x10+°° 
2.24x10+°° 
1.82x10+°° 
1.82x10+°° 
1.88x10+°° 
2.29x10+°° 
2.69x10+°° 
2.97x10+°° 
3.19x10+°° 
3.34x10+°° 
3.46x10+°° 



Comments: The reaction rate, including uncertainties, is calculated from the same 
input information as in Iliadis et al. [130]. 



235 




236 




237 



Table B.52: Total thermonuclear reaction rates for ^^S(p,7)^^Cl. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


3.29x10" 


44 


4.79x10 


-44 


7.04x10 


-44 


-9.975x10+°^ 


3.82x10" 


-01 


2.01x10"°! 


0.011 


1.53x10" 


42 


2.22x10 


-42 


3.24x10 


-42 


-9.591x10+°^ 


3.76x10- 


-01 


2.65x10"°! 


0.012 


6.90x10" 


41 


9.37x10 


-41 


1.28x10 


-40 


-9.217x10+°! 


3.12x10" 


-01 


5.18x10"°! 


0.013 


5.31x10" 


39 


7.72x10 


-39 


1.15x10 


-38 


-8.775x10+°! 


3.86x10" 


-01 


2.04x10+°° 


0.014 


4.55x10" 


37 


7.10x10 


-37 


1.09x10 


-36 


-8.324x10+°! 


4.33x10" 


-01 


3.18x10"°! 


0.015 


2.57x10" 


35 


3.98x10 


-35 


6.13x10 


-35 


-7.921x10+°! 


4.31x10" 


-01 


2.82x10"°! 


0.016 


8.96x10" 


34 


1.37x10 


-33 


2.09x10 


-33 


-7.567x10+°! 


4.23x10" 


-01 


2.06x10"°! 


0.018 


3.30x10" 


31 


4.96x10 


-31 


7.47x10 


-31 


-6.978x10+°! 


4.09x10" 


-01 


1.28x10"°! 


0.020 


3.63x10" 


29 


5.43x10 


-29 


8.12x10 


-29 


-6.508x10+°! 


3.99x10" 


-01 


1.42x10"°! 


0.025 


1.65x10" 


25 


2.42x10 


-25 


3.59x10 


-25 


-5.668x10+°! 


3.89x10" 


-01 


2.98x10"°! 


0.030 


4.27x10" 


23 


6.25x10 


-23 


9.23x10 


-23 


-5.113x10+°! 


3.86x10" 


-01 


2.68x10"°! 


0.040 


4.02x10" 


20 


5.89x10 


-20 


8.75x10 


-20 


-4.428x10+°! 


3.88x10" 


-01 


2.48x10"°! 


0.050 


2.25x10" 


18 


3.33x10 


-18 


4.94x10 


-18 


-4.024x10+°! 


3.92x10" 


-01 


2.20x10"°! 


0.060 


3.13x10" 


17 


4.67x10 


-17 


6.93x10 


-17 


-3.760x10+°! 


3.96x10" 


-01 


2.71x10"°! 


0.070 


1.99x10" 


16 


2.98x10 


-16 


4.42x10 


-16 


-3.575x10+°! 


3.98x10" 


-01 


3.02x10"°! 


0.080 


7.82x10" 


16 


1.17x10 


-15 


1.74x10 


-15 


-3.438x10+°! 


3.98x10" 


-01 


3.38x10"°! 


0.090 


2.29x10" 


15 


3.37x10 


-15 


5.00x10 


-15 


-3.332x10+°! 


3.90x10" 


-01 


5.47x10"°! 


0.100 


5.72x10" 


15 


8.22x10 


-15 


1.19x10 


-14 


-3.243x10+°! 


3.66x10" 


-01 


1.31x10+°° 


0.110 


1.40x10" 


14 


1.91x10 


-14 


2.65x10 


-14 


-3.158x10+°! 


3.21x10" 


-01 


1.07x10+°° 


0.120 


3.62x10" 


14 


4.78x10 


-14 


6.33x10 


-14 


-3.067x10+°! 


2.83x10" 


-01 


5.40x10"°! 


0.130 


1.10x10" 


13 


1.43x10 


-13 


1.86x10 


-13 


-2.958x10+°! 


2.62x10" 


-01 


1.35x10+°° 


0.140 


4.59x10" 


13 


5.63x10 


-13 


7.09x10 


-13 


-2.819x10+°! 


2.21x10" 


-01 


7.47x10+°° 


0.150 


2.38x10" 


12 


2.85x10 


-12 


3.44x10 


-12 


-2.658x10+°! 


1.87x10" 


-01 


6.37x10"°! 


0.160 


1.26x10" 


11 


1.51x10 


-11 


1.81x10 


-11 


-2.491x10+"! 


1.84x10" 


-01 


2.81x10"°! 


0.180 


2.74x10" 


10 


3.28x10 


-10 


3.90x10- 


-10 


-2.184x10+°! 


1.77x10" 


-01 


2.51x10"°! 


0.200 


4.05x10" 


09 


4.70x10 


-09 


5.45x10" 


-09 


-1.917x10+°! 


1.50x10" 


-01 


4.09x10"°! 


0.250 


8.99x10" 


07 


9.97x10 


-07 


1.11x10 


-06 


-1.382x10+"! 


1.05x10" 


-01 


4.75x10-°! 


0.300 


4.42x10" 


05 


4.94x10 


-05 


5.53x10 


-05 


-9.914x10+°° 


1.11x10" 


-01 


1.25x10+°° 
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Table B.52 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



7.58x10-"'' 

6.37x10""^ 
3.29xl0-"2 

1.21x10-"! 
8.21x10'"! 
3.12x10+°" 
8.27x10+"" 
1.73x10+"! 
3.07x10+"! 
8.19x10+"! 
1.50xl0+"2 
2.23xl0+°2 

2.93x10+°^ 
4.10xl0+°2 
4.95xl0+°2 
5.58xl0+"2 
6.08xl0+°2 
6.88xl0+°2 
7.55xl0+"2 
8.12xl0+°2 
8.56xl0+"2 
(9.46x10+02) 
(1.14xl0+"3) 



8.51x10-"'^ 

7.16X10-"-'' 
3.71xl0-"2 

1.36x10'"! 
9.28x10""! 
3.53x10+"" 
9.35x10+"" 
1.96x10+"! 
3.47x10+"! 
9.28x10+"! 
1.70xl0+"2 
2.53xl0+"2 

3.32x10+"^ 
4.64xl0+"2 
5.59xl0+"2 
6.27xl0+"2 
6.79xl0+"2 
7.60xl0+"2 
8.25xl0+"2 
8.78xl0+"2 
9.21xl0+"2 
(1.02xl0+"3) 
(1.23xl0+"3) 



9.58x10'"^! 
8.09x10'"-'' 
4.19xl0'"2 
1.54x10'"! 
1.05x10+"" 
4.00x10+"" 
1.06x10+"! 
2.22x10+"! 
3.94x10+"! 
1.05xl0+"2 
1.93xl0+"2 
2.87x10+°^ 
3.77xl0+"2 
5.26x10+02 
6.33x10+02 
7.08x10+02 
7.63x10+02 
8.44x10+02 
9.05x10+02 
9.55x10+02 
9.94x10+02 
(1.09x10+03) 
(1.32x10+03) 



-7.068x10+"" 
-4.937x10+"" 
-3.293x10+"" 
-1.992x10+"" 
-7.347xl0'"2 
1.262x10+"" 
2.238x10+"" 
2.976x10+"" 
3.550x10+"" 
4.532x10+"" 
5.138x10+"" 
5.535x10+00 
5.808x10+0" 
6.142x10+00 
6.328x10+00 
6.444x10+00 
6.524x10+00 
6.635x10+00 
6.717x10+00 
6.780x10+00 
6.827x10+00 
(6.925x10+00) 
(7.114x10+00) 



1.17x10'"! 1, 

1.20x10'"! 1, 

1.21x10'"! 1, 

1.22x10'"! 1, 

1.23x10'"! 1, 

1.24x10'"! 1. 

1.24x10'"! 1. 

1.25x10'"! 1. 

1.25x10'"! 1. 

1.25x10-01 1. 

1.25x10-01 1. 

1.26x10-01 1. 

1.25x10-01 1. 

1.25x10-01 1. 

1.22x10-01 1. 

1.18x10-01 1. 

1.13x10-01 1, 

1.02x10-01 2. 

9.06x10-02 2. 

8.17x10-02 2. 

7.52x10-02 2. 
(7.27x10-02) 
(7.27x10-02) 



30x10+"" 
25x10+"° 
20x10+"" 
17x10+"° 
12x10+"" 
10x10+°° 
08x10+°° 
07x10+°° 
06x10+°° 
05x10+°° 
04x10+°° 
04x10+00 
04x10+0° 
09x10+00 
20x10+00 
39x10+00 
64x10+00 
19x10+00 
51x10+00 
46x10+00 
06x10+00 



Comments: The reaction rate, including uncertainties, is calculated from the same 
input information as in Iliadis et al. [131]. 
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^S(p,y)^^CI 
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Table B.53: Total thermonuclear reaction rates for ^^Cl(p,7)^^Ar. 



T (GK) Low rate Median rate High rate lognormal /x lognormal a A-D 



0.010 


9.44x10 


-47 


1.49x10" 


-46 


2.38x10 


-46 


-1.055x10+°^ 


4.67x10" 


-01 


2.75x10- 


-01 


0.011 


4.98x10 


-45 


7.94x10" 


-45 


1.26x10 


-44 


-1.015x10+°^ 


4.66x10" 


-01 


2.68x10" 


-01 


0.012 


1.69x10 


-43 


2.69x10" 


-43 


4.26x10 


-43 


-9.802 xl0+°i 


4.69x10" 


-01 


2.35x10" 


-01 


0.013 


3.94x10 


-42 


6.32x10" 


-42 


1.01x10 


-41 


-9.487x10+°^ 


4.71x10" 


-01 


2.73x10" 


-01 


0.014 


6.72x10 


-41 


1.07x10" 


-40 


1.73x10 


-40 


-9.203x10+°^ 


4.75x10" 


-01 


5.46x10" 


-01 


0.015 


8.80x10 


-40 


1.44x10" 


-39 


2.29x10 


-39 


-8.945 xl0+°i 


4.75x10" 


-01 


5.95x10" 


-01 


0.016 


9.38x10 


-39 


1.52x10" 


-38 


2.40x10 


-38 


-8.709x10+°! 


4.70x10" 


-01 


1.93x10" 


-01 


0.018 


6.22x10 


-37 


9.91x10" 


-37 


1.59x10 


-36 


-8.290x10+°! 


4.74x10" 


-01 


4.07x10" 


-01 


0.020 


2.26x10 


-35 


3.60x10" 


-35 


5.70x10 


-35 


-7.931x10+°! 


4.67x10" 


-01 


3.87x10" 


-01 


0.025 


3.10x10 


-32 


4.83x10" 


-32 


7.78x10 


-32 


-7.210x10+°! 


4.68x10" 


-01 


8.54x10" 


-01 


0.030 


7.46x10 


-30 


1.19x10" 


-29 


1.89x10 


-29 


-6.660x10+°! 


4.68x10" 


-01 


2.67x10" 


-01 


0.040 


2.25x10 


-26 


3.57x10" 


-26 


5.70x10 


-26 


-5.859x10+°! 


4.71x10" 


-01 


3.37x10" 


-01 


0.050 


6.60x10 


-24 


1.05x10" 


-23 


1.69x10 


-23 


-5.291x10+°! 


4.70x10" 


-01 


4.91x10" 


-01 


0.060 


5.02x10 


-22 


8.14x10" 


-22 


1.31x10 


-21 


-4.856x10+°! 


4.79x10" 


-01 


2.83x10" 


-01 


0.070 


1.60x10 


-20 


2.60x10" 


-20 


4.13x10 


-20 


-4.510x10+°! 


4.73x10" 


-01 


2.05x10" 


-01 


0.080 


2.76x10 


-19 


4.40x10" 


-19 


7.05x10 


-19 


-4.227x10+°! 


4.67x10" 


-01 


1.40x10" 


-01 


0.090 


3.07x10 


-18 


4.98x10" 


-18 


7.98x10 


-18 


-3.985x10+°! 


4.77x10" 


-01 


3.26x10" 


-01 


0.100 


2.48x10 


-17 


3.90x10" 


-17 


6.25x10 


-17 


-3.777x10+°! 


4.68x10" 


-01 


6.95x10" 


-01 


0.110 


1.51x10 


-16 


2.41x10" 


-16 


3.84x10 


-16 


-3.596x10+°! 


4.67x10" 


-01 


5.66x10" 


-01 


0.120 


7.58x10 


-16 


1.20x10" 


-15 


1.90x10 


-15 


-3.436x10+°! 


4.72x10" 


-01 


5.40x10" 


-01 


0.130 


3.16x10 


-15 


5.08x10" 


-15 


8.12x10 


-15 


-3.291x10+°! 


4.71x10" 


-01 


1.63x10" 


-01 


0.140 


1.14x10 


-14 


1.85x10" 


-14 


2.94x10 


-14 


-3.163x10+°! 


4.73x10" 


-01 


2.81x10" 


-01 


0.150 


3.71x10 


-14 


5.91x10" 


-14 


9.63x10 


-14 


-3.045x10+°! 


4.77x10" 


-01 


3.01x10" 


-01 


0.160 


1.10x10 


-13 


1.76x10" 


-13 


2.80x10 


-13 


-2.937x10+°! 


4.73x10" 


-01 


2.33x10" 


-01 


0.180 


7.11x10 


-13 


1.15x10" 


-12 


1.85x10 


-12 


-2.749x10+°! 


4.81x10" 


-01 


1.37x10" 


-01 


0.200 


3.76x10 


-12 


6.04x10" 


-12 


9.66x10 


-12 


-2.584x10+°! 


4.76x10" 


-01 


3.46x10" 


-01 


0.250 


9.76x10 


-11 


1.56x10" 


-10 


2.49x10 


-10 


-2.258x10+°! 


4.77x10" 


-01 


4.04x10" 


-01 


0.300 


1.18x10 


-09 


1.88x10" 


-09 


2.99x10 


-09 


-2.009x10+°! 


4.68x10" 


-01 


3.77x10" 


-01 
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Table B.53 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognormal a A-D 



0.350 8.39x10-™ 1.35x10-"* 2.15x10"°*^ 

0.400 4.36x10""* 7.00x10""* 1.13x10"°^ 

0.450 1.72x10""^ 2.76x10""^ 4.37x10""^ 

0.500 5.65x10""^ 8.99x10""^ 1.44x10"°*^ 

0.600 4.03x10""^ 6.39x10""^' 1.02x10"°^ 

0.700 1.88x10""'^ 3.00x10""'^ 4.84xl0"°-'^ 

0.800 6.69x10-"-'^ 1.08x10-"'' 1.73x10-°'^ 

0.900 1.99x10-"'' 3.14x10-"'' 5.03x10-"" 

1.000 5.00x10-"" 7.93x10-"" 1.27x10-"^ 

1.250 3.18xl0-"3 5.05xl0-"3 8.02xl0-"3 

1.500 1.29xl0-"2 2.07xl0-"2 3.31xl0-°2 

1.750 3.89xl0-°2 6.25xl0-°2 1.01x10-°^ 

2.000 9.89x10""^ 1.57x10-°^ 2.51x10""^ 

2.500 4.12x10-01 6.48x10-°^ 1.05x10+°° 

3.000 1.22x10+00 1.97x10+00 3.13x10+00 

3.500 2.90x10+00 4.65xlO+oo 7.39xlO+oo 

4.000 5.90x10+00 9.40xlO+oo 1.49xlO+oi 

5.000 1.75x10+01 2.78x10+01 4.49xlO+oi 

6.000 4.06x10+01 6.51x10+01 1.04x10+0^ 

7.000 7.91x10+01 1.27x10+02 2.05x10+0^ 

8.000 1.34x10+02 2.19x10+02 3.46x10+02 

9.000 2.10x10+02 3.38x10+02 5.37x10+02 

10.000 3.05x10+02 5.00x10+02 7.84x10+02 



-i.oizx iu 


A 7(^ V 1 n 

4. / D X lU 


-01 


0.00 X lU 


-01 


-i.04 / X iU 


A 7C \x 1 n 
4. < oX lU 


-01 


K 7Q XX 1 
0. < oX lU 


-01 


-i.oii X iU 


A 70 \x 1 n 
4. / Z X lU 


-01 


n-i XX 1 

o.Ul X lU 


-01 


1 QOO 1 O + Ol 

-i.oy/x iu 


4.D0X iU 


-01 


1 7 XX 1 

1.0 / X lU 


-01 


-i.iyDX iU 


4.Dy X iU 


-01 


1 XX 1 

o.izX iU 


-01 


-i.U4iX iU 


A 7/1 X/ 1 /"I 

4. / 4X iU 


-01 


z.OoX iU 


-01 


-y.ioDx iu 


A 7^j XX 1 n 
4. < D X lU 


-01 


4.80x10- 


-01 


Q \y 1 n+00 


A fifi XX 1 n 
4.00 X lU 


-01 


3.14x10- 


-01 


7 1 QQ 1 n+00 
-/.iooX lU 


A 7Q XX 1 n 

4. /ox lU 


-01 


3.97x10- 


-01 


r OQ7\/ 1 n+00 
-O.Zo / X iU 


A f^c XX 1 n 
4.O0 X lU 


-01 


2.23x10- 


-01 


Q Q70 \y 1 n+00 


A 70 XX 1 n 
4. 1 Z X lU 


-01 


1.30x10- 


-01 


770 V 1 n+00 


A 70 \x 1 n- 
4. / z X lu 


-01 


2.65x10- 


-01 


1 Q /I n 1 n+00 
-i.o4y X iU 


A 7n XX 1 n 
4. (OX iU 


-01 


1.95x10- 


-01 


A OOyI \y 1 n— 01 


y1 sx 1 n- 
4. Do X lU 


-01 


1.11x10+00 


dQ A '\ n— 01 
O.D04XiU 


A (ic\ ^ 1 n- 
4.09 XiU 


-01 


4.68x10- 


-01 


1.534x10+00 


4.71x10- 


-01 


3.77x10- 


-01 


2.236x10+00 


4.66x10- 


-01 


2.28x10- 


-01 


3.330x10+00 


4.69x10- 


-01 


3.38x10- 


-01 


4.175x10+00 


4.73x10- 


-01 


3.26x10- 


-01 


4.843x10+00 


4.72x10- 


-01 


4.20x10- 


-01 


5.382x10+00 


4.74x10- 


-01 


4.92x10- 


-01 


5.820x10+00 


4.71x10- 


-01 


1.98x10- 


-01 


6.203x10+00 


4.78x10- 


-01 


1.24x10+00 



Comments: No unbound states have been observed in the compound nucleus ^2Ar. 
Based on the comparison to the structure of the ^2Si mirror nucleus it can be concluded 
that the lowest-lying resonance in ^^Cl-l-p is expected to occur above an energy of 1 
MeV. In fact, a Coulomb displacement energy calculation [119] yields E^"* = 1600 keV, 
which is adopted in the present work; we estimate an uncertainty of 100 keV, although 
this value should be regarded as a rough guess only. The proton and 7-ray partial widths 
are calculated by using the shell model [119]. The total reaction rates are dominated 
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0.01 0.10 1.00 10.00 

Temperature (GK) 



by the direct capture process into the ground and first excited states of ^^Ar at all 
temperatures of interest. We adopt the direct capture S- factor from Ref. [119], which is 
based on shell model spectroscopic factors. Higher lying resonances are expected to make 
a minor contribution to the total rate. 
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Table B.54: Total thermonuclear reaction rates for ^^Cl(p,7)^^Ar. 



T (GK) Low rate Median rate High rate lognormal /x lognormal a A-D 



0.010 
0.011 
0.012 
0.013 
0.014 
0.015 
0.016 
0.018 
0.020 
0.025 
0.030 
0.040 
0.050 
0.060 
0.070 
0.080 
0.090 
0.100 
0.110 
0.120 
0.130 
0.140 
0.150 
0.160 
0.180 
0.200 
0.250 
0.300 



7.69x10"^^ 
3.97x10-^5 
1.27x10"*^ 
2.87x10-^2 
4.92x10"*^ 
6.29x10"*° 
6.55x10-39 
4.17x10-3^ 
1.76x10-35 
8.01x10-32 
3.87x10-28 
2.97x10-23 
1.96x10-20 
1.13x10-18 
1.75x10-1^ 
1.30x10-1'^ 
5.96x10-1'' 
1.98x10-15 
5.21x10-15 
1.20x10-1* 
2.62x10-1* 
6.95x10-1* 
3.04x10-13 
1.59x10-12 
4.40x10-11 
7.90x10-10 
1.46x10-0^ 
4.52x10-0'' 



9.36x10-*^ 
1.34x10-** 
3.09xl0-*3 
6.33xl0-*2 
9.93xl0-*i 
1.20x10-39 
1.22x10-38 
7.52x10-37 
3.31x10-35 
5.16x10-31 
2.01x10-27 
6.93x10-23 
3.26x10-20 
1.98x10-18 
3.71x10-17 
3.22x10-1*' 
1.69x10-15 
6.15x10-15 
1.77x10-1* 
4.24x10-1* 
8.95x10-1* 
1.91x10-13 
5.79x10-13 
2.71x10-12 
7.38x10-11 
1.31x10-09 
2.34x10-07 
7.12x10-06 



3.01xl0-*2 
6.72x10-*! 
8.18xlO-*o 
6.92x10-39 
4.21x10-38 
1.98x10-37 
7.63x10-37 
8.59x10-36 
2.46x10-3* 
4.18x10-30 
8.93x10-27 
1.41x10-22 
5.38x10-20 
3.34x10-18 
6.90x10-17 
6.77x10-1" 
3.99x10-15 
1.61x10-1* 
5.07x10-1* 
1.29x10-13 
2.85x10-13 
5.74x10-13 
1.29x10-12 
4.71x10-12 
1.28x10-10 
2.23x10-09 
3.82x10-07 
1.14x10-05 



-1.018x10+02 
-9.842x10+01 
-9.546x10+01 
-9.280x10+01 
-9.036x10+01 
-8.814x10+01 
-8.607x10+01 
-8.231x10+01 
-7.874x10+01 
-6.961x10+01 
-6.155x10+01 
-5.109x10+01 
-4.488x10+01 
-4.078x10+01 
-3.790x10+01 
-3.576x10+01 
-3.411x10+01 
-3.281x10+01 
-3.175x10+01 
-3.086x10+01 
-3.007x10+01 
-2.924x10+01 
-2.812x10+01 
-2.662x10+01 
-2.332x10+01 
-2.045x10+01 
-1.526x10+01 
-1.185x10+01 



4.59x10+00 
4.32x10+00 
4.03x10+00 
3.71x10+00 
3.40x10+00 
3.11x10+00 
2.82x10+00 
2.31x10+00 
1.90x10+00 
1.83x10+00 
1.54x10+00 
8.00x10-01 
5.18x10-01 
5.69x10-01 
7.15x10-01 
8.56x10-01 
9.73x10-01 
1.06x10+00 
1.13x10+00 
1.17x10+00 
1.15x10+00 
1.00x10+00 
7.29x10-01 
5.51x10-01 
5.39x10-01 
5.26x10-01 
4.86x10-01 
4.66x10-01 



3.03x10+02 
3.42x10+02 
3.91x10+02 
4.40x10+02 
4.94x10+02 
5.38x10+02 
5.79x10+02 
5.83x10+02 
4.16x10+02 
2.10x10+01 
9.28x10+00 
1.79x10+01 
1.42x10+00 
4.49x10+00 
1.40x10+01 
1.65x10+01 
1.57x10+01 
1.38x10+01 
1.12x10+01 
8.02x10+00 
4.61x10+00 
9.46x10+00 
1.29x10+01 
9.37x10-01 
7.71x10-01 
6.00x10-01 
4.33x10-01 
3.52x10-01 
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Table B.54 - continued 



T (GK) Low rate Median rate High rate lognormal ji lognorinal a A-D 



0.350 S.OexlO-o-"^ 7.88x10-"'"^ 1.24x10-"'' 

0.400 3.02x10""'' 4.70x10""" 7.35x10""" 

0.450 1.20x10""'^ 1.87xl0-"-' 2.91x10-"-'' 

0.500 3.56x10-"-^ 5.60xl0-"3 8.77x10-"^ 

0.600 1.82xl0-"2 2.88xl0-"2 4.61xl0-"2 

0.700 5.89x10""^ 9.45x10""^ 1.56x10""^ 

0.800 1.45x10-"! 2.38xl0~"i 4.06x10""! 

0.900 3.00x10""! 5.03x10""! 9.08x10""! 

1.000 5.56x10""! 9.29x10"°! 1.77x10+"" 

1.250 1.79x10+"" 3.16x10+°" 6.21x10+"" 

1.500 4.23x10+°" 7.53x10+°° 1.44x10+"! 

1.750 8.06x10+°° 1.41x10+°! 2.62x10+°^ 

2.000 1.33x10+°! 2.27x10+°! 4.03x10+"! 

2.500 2.68x10+°! 4.33x10+°! 7.16x10+°! 

3.000 4.19x10+°! 6.52x10+°! 1.03x10+°^ 

3.500 5.66x10+°! 8.58x10+°! 1.31xl0+°2 

4.000 6.97x10+°! 1.04xl0+°2 1.53x10+°^ 

5.000 8.93x10+°! 1.29xl0+°2 1.86x10+°^ 

6.000 9.98x10+°! 1.43xl0+°2 2.03x10+°^ 

7.000 1.04x10+°^ 1.49xl0+°2 2.10x10+°^ 

8.000 1.06xl0+°2 1.49xl0+°2 2.10x10+°^ 

9.000 1.05xl0+°2 1.48xl0+°2 2.07x10+°^ 

10.000 1.03x10+°^ 1.44xl0+°2 2.02x10+°^ 



-9.442x10+"" 4.58x10""! 3.72x10"°! 
-7.657x10+"" 4.57x10""! 4.72x10"°! 
-6.279x10+"" 4.61x10""! 9.32x10"°! 
-5.182x10+"" 4.70x10""! 2.07x10+°° 
-3.531x10+"" 4.96x10""! 7.61x10+°° 
-2.329x10+"" 5.30x10""! 1.68x10+"^ 
-1.395x10+"" 5.66x10""! 2.35x10+°^ 
-6.376x10""! 5.97x10""! 2.49x10+°^ 
-4.986x10""^ 6.19x10""! 2.23x10+°^ 
1.203x10+°" 6.38x10"°! 1.24x10+°^ 
2.054x10+°" 6.21x10"°! 6.15x10+°° 
2.675x10+°° 5.89x10"°! 3.31x10+°° 
3.141x10+°° 5.55x10"°! 2.02x10+°° 
3.781x10+°° 4.95x10"°! 1.10x10+°° 
4.186x10+°° 4.51x10"°! 9.29x10"°! 
4.456x10+°° 4.20x10"°! 8.16x10"°! 
4.642x10+°° 3.97x10"°! 8.62x10"°! 
4.862x10+°° 3.70x10"°! 8.67x10"°! 
4.963x10+°° 3.57x10"°! 7.65x10"°! 
5.004x10+°° 3.50x10"°! 6.86x10"°! 
5.010x10+°° 3.46x10"°! 6.37x10"°! 
4.997x10+°° 3.43x10"°! 6.18x10"°! 
4.973x10+°° 3.41x10"°! 5.91x10"°! 



Comments: The total rate has contributions from the direct capture process and from 
5 resonances located at E^™ = 21 — 1387 keV. The direct capture S-factor as well as the 

proton and 7-ray partial widths of the resonances are based on the shell-model [119,211]. 
Our rate docs not take into account three potentially important systematic effects. First, 
the spin-parity assignments of the measured levels at E^; = 3364,3456 and 3819 keV 
[45], corresponding to the lowest-lying resonances, are not unambiguously known; the 
assignments = 5/22 , 7/2+ and 5/23 for these levels are based on the "analogy 
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with the ^^P analog nucleus" [45]. Second, the energies of the resonances at EJi™ = 847 
and 1387 keV are not based on experimental excitation energies, but are derived from 
Coulomb shift calculations [119]; the adopted value of 100 keV [211] for the resonance 
energy uncertainty must be regarded as a rough value only. Third, comparison to the 
structure of the ^^P mirror nucleus reveals that two more unobserved levels {J'^ = 5/2^ 
and 7/2 j^) are expected as resonances near EJ;™ = 1 MeV; these remain at present 
unaccounted for in the total rate. 
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Table B.55: Total thermonuclear reaction rates for ^^Cl(p,7)^^Ar. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


5.15x10" 


-41 


1.12x10 


-40 


2.45x10 


-40 


-9.199x10+°^ 


7.90x10" 


-01 


3.10x10"°! 


0.011 


7.83x10- 


-39 


1.62x10 


-38 


3.35x10 


-38 


-8.702 xl0+°i 


7.36x10" 


-01 


2.64x10"°! 


0.012 


5.09x10- 


-37 


1.01x10 


-36 


2.00x10 


-36 


-8.288x10+°! 


6.92x10" 


-01 


2.36x10"°! 


0.013 


1.72x10- 


-35 


3.29x10 


-35 


6.30x10 


-35 


-7.939x10+°! 


6.55x10" 


-01 


2.49x10"°! 


0.014 


3.52x10- 


-34 


6.49x10 


-34 


1.20x10 


-33 


-7.641x10+°! 


6.25x10" 


-01 


2.78x10"°! 


0.015 


4.75x10- 


-33 


8.51x10 


-33 


1.55x10 


-32 


-7.384x10+°! 


5.99x10" 


-01 


2.92x10"°! 


0.016 


4.60x10- 


-32 


8.07x10 


-32 


1.43x10 


-31 


-7.159x10+°! 


5.77x10" 


-01 


3.21x10"°! 


0.018 


1.99x10- 


-30 


3.37x10 


-30 


5.79x10 


-30 


-6.786x10+°! 


5.42x10" 


-01 


3.80x10"°! 


0.020 


4.00x10- 


-29 


6.59x10 


-29 


1.11x10 


-28 


-6.489x10+°! 


5.14x10" 


-01 


4.56x10"°! 


0.025 


9.71x10- 


-27 


1.51x10 


-26 


2.35x10 


-26 


-5.946x10+°! 


4.49x10" 


-01 


9.20x10"°! 


0.030 


5.10x10- 


-25 


1.16x10 


-24 


2.77x10 


-24 


-5.511x10+°! 


7.72x10" 


-01 


4.00x10+°! 


0.040 


2.25x10- 


-22 


1.82x10 


-21 


6.15x10 


-21 


-4.809x10+°! 


1.53x10+°° 


1.86xl0+°2 


0.050 


1.19x10- 


-19 


3.29x10 


-19 


8.17x10 


-19 


-4.261x10+°! 


9.13x10" 


-01 


3.07x10+°! 


0.060 


2.75x10- 


-17 


5.15x10 


-17 


9.63x10 


-17 


-3.751x10+°! 


6.38x10" 


-01 


7.55x10"°! 


0.070 


1.85x10- 


-15 


3.37x10 


-15 


6.33x10 


-15 


-3.332x10+°! 


6.16x10" 


-01 


1.25x10+°° 


0.080 


4.80x10- 


-14 


8.36x10 


-14 


1.50x10 


-13 


-3.011x10+°! 


5.74x10" 


-01 


1.21x10+°° 


0.090 


6.09x10- 


-13 


1.02x10 


-12 


1.75x10 


-12 


-2.760x10+°! 


5.31x10" 


-01 


1.63x10+°° 


0.100 


4.75x10- 


-12 


7.62x10 


-12 


1.26x10 


-11 


-2.559x10+°! 


4.90x10" 


-01 


1.94x10+°° 


0.110 


2.66x10- 


-11 


4.12x10 


-11 


6.48x10 


-11 


-2.391x10+°! 


4.49x10" 


-01 


1.23x10+°° 


0.120 


1.19x10- 


-10 


1.80x10 


-10 


2.67x10 


-10 


-2.244x10+°! 


4.08x10" 


-01 


6.27x10"°! 


0.130 


4.67x10- 


-10 


6.87x10 


-10 


9.83x10 


-10 


-2.111x10+°! 


3.68x10" 


-01 


2.11x10+°° 


0.140 


1.71x10- 


-09 


2.42x10 


-09 


3.40x10 


-09 


-1.984x10+°! 


3.34x10" 


-01 


4.69x10+"° 


0.150 


5.84x10- 


-09 


8.08x10 


-09 


1.11x10 


-08 


-1.864x10+°! 


3.09x10" 


-01 


5.83x10+"° 


0.160 


1.88x10- 


-08 


2.56x10 


-08 


3.43x10 


-08 


-1.749x10+"! 


2.92x10" 


-01 


4.99x10+"" 


0.180 


1.60x10- 


-07 


2.10x10 


-07 


2.72x10" 


-07 


-1.538x10+°! 


2.64x10" 


-01 


1.98x10+"° 


0.200 


1.07x10- 


-06 


1.35x10 


-06 


1.70x10 


-06 


-1.352x10+"! 


2.34x10" 


-01 


4.48x10"°! 


0.250 


4.98x10- 


-05 


5.99x10 


-05 


7.16x10 


-05 


-9.726x10+"° 


1.84x10" 


-01 


1.38x10+"° 


0.300 


8.39x10- 


-04 


1.00x10 


-03 


1.19x10 


-03 


-6.908x10+°° 


1.79x10" 


-01 


2.42x10"°! 
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Table B.55 - continued 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal fi 


lognormal a 


A-D 




0.350 


6.93xl0-"3 


8.23x10^03 


9.81x10^03 


-4.799x10+00 


1.77x10" 


-01 


4.69x10" 


-01 


0.400 


3.51x10-"^ 


4.14x10-02 


4.91x10^02 


-3.182x10+00 


1.70x10" 


-01 


1.01x10" 


hOO 


0.450 


1.27x10""^ 


1.48x10^01 


1.74x10^01 


-1.908x10+00 


1.61x10" 


-01 


1.46x10" 


hOO 


0.500 


3.58x10""^ 


4.15x10^01 


4.82x10^01 


-8.784x10^01 


1.51x10" 


-01 


1.78x10" 


hOO 


0.600 


1.75x10+°" 


1.99x10+00 


2.27x10+00 


6.904x10^01 


1.32x10" 


-01 


2.14x10" 


hOO 


0.700 


5.63x10+°" 


6.29x10+0" 


7.07x10+00 


1.842x10+00 


1.15x10" 


-01 


2.17x10" 


hOO 


0.800 


1.40x10+°! 


1.54x10+0! 


1.70x10+0! 


2.736x10+00 


9.98x10" 


-02 


2.06x10+00 


0.900 


2.91x10+°! 


3.18x10+0! 


3.46x10+01 


3.459x10+00 


8.73x10" 


-02 


1.68x10" 


hOO 


1.000 


5.37x10+°! 


5.79x10+0! 


6.26x10+0! 


4.060x10+00 


7.74x10" 


-02 


1.15x10+00 


1.250 


1.71xl0+°2 


1.81x10+02 


1.93x10+02 


5.201x10+00 


6.24x10- 


-02 


3.80x10- 


-01 


1.500 


3.83xl0+°2 


4.05x10+02 


4.29x10+02 


6.004x10+00 


5.62x10- 


-02 


3.57x10- 


-01 


1.750 


6.96xl0+°2 


7.33x10+02 


7.73x10+02 


6.597x10+00 


5.36x10- 


-02 


4.63x10" 


-01 


2.000 


1.10x10+°^ 


1.16x10+03 


1.22x10+03 


7.053x10+00 


5.19x10- 


-02 


6.78x10" 


-01 


2.500 


2.13x10+°^ 


2.23x10+03 


2.34x10+03 


7.711x10+00 


4.89x10- 


-02 


9.76x10" 


-01 


3.000 


3.38x10+°^ 


3.54x10+03 


3.70x10+03 


8.171x10+00 


4.61x10- 


-02 


9.91x10" 


-01 


3.500 


4.78x10+°^ 


4.99x10+03 


5.21x10+03 


8.515x10+00 


4.39x10- 


-02 


8.64x10" 


-01 


4.000 


6.25x10+°^ 


6.51x10+03 


6.79x10+03 


8.782x10+00 


4.23x10- 


-02 


8.56x10" 


-01 


5.000 


(9.20x10+°^) (9.58xl0+°3) (9.97xl0+"3) 


(9.167x10+00) (4.03x10- 


-02^ 






6.000 


(1.21x10+°^) (1.26x10+°^) (1.31xl0+°4) 


(9.442x10+00) (4.03x10- 


-02^ 






7.000 


(1.50x10+°^) (1.56x10+°^) (1.62xl0+°4) 


(9.653x10+00) (4.03x10- 


-02^ 






8.000 


(1.76x10+°^) (1.83x10+04) (1.91xl0+°4) 


(9.816x10+00) (4.03x10- 


-02^ 






9.000 


(2.01x10+°^) (2.10x10+04) (2.18x10+04) 


(9.950x10+00) (4.03x10- 


-02^ 






10.000 (2.30x10+°^) (2.40x10+0^) (2.50x10+°^) 


(1.008x10+0!) (4.03x10- 


-02^ 







Comments: In total, 92 resonances at energies of E^™ = 49 — 2675 keV are taken into 
account for calculating the total reaction rates. The direct capture S-factor is adopted 
from Iliadis et al. [127]. Measured resonance energies and strengths arc from Johnson, 
Meyer and Reitmann [138], Endt and van der Leun [81] and Iliadis et al. [127], where 
all the strengths are normalized by using the standard value listed in Tab. 1 of Iliadis et 
al. [131]. When no uncertainties of resonance strciiigths are reported, we adopt a value of 
20%. Three 36Ar threshold levels are reported in Ropke, Brenneisen and Lickert [195] at 
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Ej. — 8593, 8739 and 8919 kcV: wc assume that the latter state is identical to the E^, = 
8923 keV level [127], while the former two states are new, corresponding to resonance 
energies of E^™ = 86 and 232 keV. 
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Table B.56: Total thermonuclear reaction rates for ^^Cl(p,a)^^S. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 


0.010 


1.50x10" 


-44 


1.76x10" 


-43 


8.99x10" 


-43 


-9.889x10"^°^ 


2.33x10+00 


1.72x10+02 


0.011 


2.16x10" 


-42 


2.54x10" 


-41 


1.30x10" 


-40 


-9.391x10^-01 


2.33x10+00 


1.74x10+02 


0.012 


1.34x10" 


-40 


1.59x10" 


-39 


8.16x10" 


-39 


-8.978x10^-01 


2.32x10+00 


1.75x10+02 


0.013 


4.39x10" 


-39 


5.22x10" 


-38 


2.66x10" 


-37 


-8.629x10-^01 


2.32x10+00 


1.76x10+02 


0.014 


8.70x10" 


-38 


1.03x10" 


-36 


5.21x10" 


-36 


-8.331x10-^01 


2.32x10+00 


1.76x10+02 


0.015 


1.13x10" 


-36 


1.35x10" 


-35 


6.80x10" 


-35 


-8.073x10^-01 


2.31x10+00 


1.75x10+02 


0.016 


1.07x10" 


-35 


1.28x10" 


-34 


6.44x10" 


-34 


-7.848x10^-01 


2.30x10+00 


1.72x10+02 


0.018 


4.46x10" 


-34 


5.35x10" 


-33 


2.68x10" 


-32 


-7.474x10-^01 


2.26x10+00 


1.59x10+02 


0.020 


8.97x10" 


-33 


1.04x10" 


-31 


5.24x10" 


-31 


-7.173x10^-01 


2.18x10+00 


1.33x10+02 


0.025 


3.37x10" 


-30 


2.46x10" 


-29 


1.08x10" 


-28 


-6.612x10^-01 


1.82x10+00 


7.19x10+01 


0.030 


3.02x10" 


-28 


1.70x10" 


-27 


6.38x10" 


-27 


-6.185x10-^01 


1.63x10+00 


7.66x10+01 


0.040 


1.30x10" 


-25 


9.21x10" 


-25 


7.02x10" 


-24 


-5.534x10-^01 


1.92x10+00 


8.60x10+00 


0.050 


6.43x10" 


-23 


2.92x10" 


-22 


1.03x10" 


-21 


-4.971x10^-01 


1.51x10+00 


4.03x10+01 


0.060 


1.01x10" 


-20 


5.53x10" 


-20 


1.69x10" 


-19 


-4.462x10^-01 


1.53x10+00 


1.50x10+02 


0.070 


4.89x10" 


-19 


3.49x10" 


-18 


1.16x10" 


-17 


-4.052x10-^01 


1.63x10+00 


1.42x10+02 


0.080 


1.40x10" 


-17 


8.94x10" 


-17 


2.92x10" 


-16 


-3.724x10-^01 


1.56x10+00 


1.25x10+02 


0.090 


2.59x10" 


-16 


1.23x10" 


-15 


3.74x10" 


-15 


-3.454x10^-01 


1.36x10+00 


8.30x10+01 


0.100 


3.58x10" 


-15 


1.19x10" 


-14 


3.10x10" 


-14 


-3.219x10-^01 


1.14x10+00 


5.84x10+01 


0.110 


3.55x10" 


-14 


9.84x10" 


-14 


2.17x10" 


-13 


-3.007x10^-01 


9.90x10-01 


7.35x10+01 


0.120 


2.50x10" 


-13 


6.91x10" 


-13 


1.50x10" 


-12 


-2.812x10^-01 


9.62x10-01 


6.88x10+01 


0.130 


1.41x10" 


-12 


4.13x10" 


-12 


9.56x10" 


-12 


-2.633x10^-01 


1.01x10+00 


5.24x10+01 


0.140 


6.43x10" 


-12 


2.13x10" 


-11 


5.26x10" 


-11 


-2.471x10+01 


1.07x10+00 


5.18x10+01 


0.150 


2.61x10" 


-11 


9.38x10" 


-11 


2.39x10" 


-10 


-2.324x10+01 


1.11x10+0" 


•5.79x10+01 


0.160 


9.57x10" 


-11 


3.55x10" 


-10 


9.26x10" 


-10 


-2.191xl0+"i 


1.13x10+00 


6.01x10+01 


0.180 


10.00x10 


-10 


3.49x10" 


-09 


9.11x10" 


-09 


-1.960x10+01 


1.09x10+00 


4.73x10+01 


0.200 


7.71x10" 


-09 


2.35x10" 


-08 


5.81x10" 


-08 


-1.766x10+01 


9.92x10-01 


2.80x10+01 


0.250 


4.81x10" 


-07 


1.06x10" 


-06 


2.04x10" 


-06 


-1.382x10+01 


7.53x10-01 


3.53x10+01 


0.300 


9.65x10" 


-06 


2.02x10" 


-05 


3.70x10" 


-05 


-1.087x10+01 


6.83x10-01 


4.18x10+01 
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Table B.56 - continued 



T (GK) Low rate Median rate High rate lognormal ji lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



9.94x10-"'"^ 

6.77x10-"^ 
3.31xl0-"3 
1.30xl0""2 

1.16x10-"! 
6.19x10""! 
2.31x10+°" 
6.68x10+"" 
1.60x10+"! 
8.20x10+°! 
2.70xl0+"2 
6.99xl0+°2 
1.55xl0+°3 
5.49x10+°^ 
1.56x10+°^ 
3.70x10+°^ 
7.56x10+°^ 
2.32x10+°^ 
5.37x10+°^ 
1.03x10+°^ 
1.74x10+°^ 
2.67x10+°^ 
4.11x10+°^ 



2.08x10-°^^ 
1.40x10"°^ 
6.79x10-°-'' 
2.54xl0-°2 
2.04x10"°! 
9.99x10-°! 
3.45x10+°" 
9.40x10+"" 
2.15x10+"! 
1.02xl0+"2 
3.20xl0+°2 
7.94xl0+"2 
1.71xl0+°3 
(5.93xl0+"3) 
(1.69x10+"^) 
(3.99x10+°^) 
(8.17x10+°^) 
(2.51xl0+"5) 
(5.80x10+°^) 
(1.12x10+°^) 
(1.88x10+"*^) 
(2.89x10+"'^) 
(4.44x10+°*^) 



4.09x10-°^^ 
2.81x10-°-'' 
1.33xl0-°2 
4.80xl0-°2 
3.54x10-°! 
1.60x10+"° 
5.20x10+"° 
1.35x10+"! 
2.98x10+"! 
1.32xl0+"2 
3.87xl0+"2 
9.16xl0+"2 
1.91x10+"-^ 
(6.41xl0+"3 
(1.83x10+"'! 
(4.32x10+"^ 
(8.82x10+"'' 
(2.71x10+"^ 
(6.27x10+"^ 
(1.21x10+"" 
(2.03x10+"" 
(3.12x10+"" 
(4.80x10+"" 



-8.514x10+"° 
-6.595x10+"° 
-5.014x10+"° 
-3.691x10+"° 
-1.594x10+"° 
-2.111x10-°-'' 
1.248x10+"" 
2.255x10+"" 
3.084x10+"" 
4.645x10+"" 
5.779x10+"" 
6.686x10+"" 
7.449x10+"° 
(8.688x10+"" 
(9.735x10+"" 
(1.060x10+"! 
(1.131x10+"! 
(1.243x10+"! 
(1.327x10+"! 
(1.392x10+"! 
(1.444x10+"! 
(1.488x10+"! 
(1.531x10+"! 



6.89x10-"! 1, 

6.86x10-"! 1, 

6.63x10-"! 1, 

6.27x10-"! 1. 

5.43x10-"! 5, 

4.67x10-"! 2. 

4.05x10-"! 5. 

3.55x10-"! 1. 

3.16x10-"! 1. 

2.41x10""! 2. 

1.83x10""! 2. 

1.38x10""! 1. 

1.06x10""! 1. 
(7.73xl0""2) 
(7.73xl0""2) 
(7.73xl0""2) 
(7.73xl0""2) 
(7.73xl0""2) 
(7.73xl0""2) 
(7.73xl0""2) 
(7.73xl0""2) 
(7.73xl0""2) 
(7.73xl0""2) 



84x10+"! 
41x10+"! 
39x10+"! 
22x10+"! 
63x10+"° 
65x10+"° 
16x10+"" 
01x10+"! 
46x10+"! 
01x10+"! 
13x10+"! 
86x10+"! 
19x10+"! 



Comments: In total, 95 resonances at energies of E^"* = 49 — 2837 keV arc taken 
into account for calculating the total reaction rates. Measured resonance energies and 
strengths are from Bosnjakovic et al. [31], Endt and van der Lcun [81] and Iliadis et 
al. [127]. Note that no carefully measured standard resonance strength exists for this 
reaction. When no uncertainties of resonance strengths are reported, we adopt a value of 
25%. The S-factor describing the low-energy tails of broad, higher- lying resonances is also 
taken into account (see comments in Ref. [131]). It must be emphasized that no direct 
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measurement exists for energies below E^™ = 840 keV and that the excitation energy 
region corresponding to E^™ = 610 — 840 keV has neither been studied in proton transfer 
[127] nor in coincidence measurements [203]. For these levels we adopt single-particle 
estimates for the upper limits of proton and a-particle widths. Three "'^Ar threshold 
levels are reported in Ropke, Brenneisen and Lickert [195] at E^^ = 8593, 8739 and 8919 
keV: we assume that the latter state is identical to the E^; = 8923 keV level [127], while 
the former two states are new, corresponding to resonance energies of E^"* = 86 and 232 
keV. 
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Table B.57: Total thermonuclear reaction rates for ^^Ar(p,7)^^K. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal /i 


lognormal a 


A-D 




0.010 


1.13x10 


-49 


1.81x10" 


-49 


2.91x10 


-49 


-1.122x10+°^ 


4.77x10" 


-01 


3.04x10- 


-01 


0.011 


7.08x10 


-48 


1.15x10" 


-47 


1.83x10 


-47 


-1.081 xl0+°2 


4.78x10" 


-01 


2.84x10- 


-01 


0.012 


2.83x10 


-46 


4.56x10" 


-46 


7.26x10 


-46 


-1.044x10+°^ 


4.70x10" 


-01 


4.92x10- 


-01 


0.013 


7.53x10 


-45 


1.19x10" 


-44 


1.90x10 


-44 


-1.011x10+°^ 


4.69x10" 


-01 


4.26x10- 


-01 


0.014 


1.44x10 


-43 


2.30x10" 


-43 


3.72x10 


-43 


-9.818x10+°^ 


4.76x10" 


-01 


1.85x10- 


-01 


0.015 


2.14x10 


-42 


3.39x10" 


-42 


5.42x10 


-42 


-9.549x10+°! 


4.67x10" 


-01 


1.86x10- 


-01 


0.016 


2.46x10 


-41 


3.95x10" 


-41 


6.17x10 


-41 


-9.304x10+°! 


4.68x10" 


-01 


7.25x10- 


-01 


0.018 


1.92x10 


-39 


3.04x10" 


-39 


4.87x10 


-39 


-8.868x10+°! 


4.74x10" 


-01 


4.21x10- 


-01 


0.020 


8.13x10 


-38 


1.29x10" 


-37 


2.06x10 


-37 


-8.494x10+°! 


4.71x10" 


-01 


2.14x10- 


-01 


0.025 


1.44x10 


-34 


2.31x10" 


-34 


3.75x10 


-34 


-7.744x10+°! 


4.77x10" 


-01 


3.59x10- 


-01 


0.030 


4.40x10 


-32 


7.12x10" 


-32 


1.15x10 


-31 


-7.172x10+°! 


4.79x10" 


-01 


4.04x10- 


-01 


0.040 


1.83x10 


-28 


2.97x10" 


-28 


4.68x10 


-28 


-6.340x10+°! 


4.77x10" 


-01 


6.74x10- 


-01 


0.050 


6.85x10 


-26 


1.10x10" 


-25 


1.76x10 


-25 


-5.747x10+°! 


4.79x10" 


-01 


2.97x10- 


-01 


0.060 


6.33x10 


-24 


1.00x10" 


-23 


1.61x10 


-23 


-5.295x10+°! 


4.69x10" 


-01 


2.89x10- 


-01 


0.070 


2.33x10 


-22 


3.73x10" 


-22 


5.99x10 


-22 


-4.934x10+°! 


4.69x10" 


-01 


2.52x10- 


-01 


0.080 


4.53x10 


-21 


7.21x10" 


-21 


1.14x10 


-20 


-4.638x10+°! 


4.66x10" 


-01 


2.19x10- 


-01 


0.090 


5.54x10 


-20 


8.93x10" 


-20 


1.40x10 


-19 


-4.387x10+°! 


4.67x10" 


-01 


9.87x10- 


-01 


0.100 


4.81x10 


-19 


7.59x10" 


-19 


1.23x10 


-18 


-4.171x10+°! 


4.72x10" 


-01 


8.84x10- 


-01 


0.110 


3.17x10 


-18 


5.07x10" 


-18 


8.03x10 


-18 


-3.982x10+°! 


4.71x10" 


-01 


5.32x10- 


-01 


0.120 


1.69x10 


-17 


2.70x10" 


-17 


4.37x10 


-17 


-3.815x10+°! 


4.76x10" 


-01 


2.81x10- 


-01 


0.130 


7.52x10 


-17 


1.20x10" 


-16 


1.89x10 


-16 


-3.667x10+°! 


4.67x10" 


-01 


4.12x10- 


-01 


0.140 


2.88x10 


-16 


4.67x10" 


-16 


7.40x10 


-16 


-3.531x10+°! 


4.74x10" 


-01 


6.67x10- 


-01 


0.150 


9.69x10 


-16 


1.55x10" 


-15 


2.51x10- 


-15 


-3.409x10+°! 


4.77x10" 


-01 


1.64x10- 


-01 


0.160 


2.98x10 


-15 


4.79x10" 


-15 


7.63x10 


-15 


-3.297x10+°! 


4.73x10" 


-01 


2.90x10- 


-01 


0.180 


2.17x10 


-14 


3.48x10" 


-14 


5.57x10 


-14 


-3.099x10+°! 


4.73x10" 


-01 


2.75x10- 


-01 


0.200 


1.20x10 


-13 


1.91x10" 


-13 


3.08x10 


-13 


-2.928x10+°! 


4.73x10" 


-01 


4.10x10- 


-01 


0.250 


3.55x10 


-12 


5.73x10" 


-12 


9.08x10 


-12 


-2.590x10+°! 


4.72x10" 


-01 


1.11x10+°° 


0.300 


4.74x10 


-11 


7.61x10" 


-11 


1.21x10 


-10 


-2.330x10+°! 


4.70x10" 


-01 


5.75x10- 


-01 
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Table B.57 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognorinal a A-D 



0.350 3.67x10-^" 5.91x10-1° 9.54x10""' 

0.400 2.03x10"°'' 3.25x10""*' 5.17x10""° 

0.450 8.61x10"™ 1.36x10""^ 2.16x10""^ 

0.500 2.98x10"°^ 4.74x10""^ 7.41x10"°* 

0.600 2.25x10"°^ 3.58x10""^ 5.71x10"°^ 

0.700 1.12x10"°° 1.81x10""° 2.88x10"°° 

0.800 4.32x10""° 6.93x10""° 1.10x10"°^ 

0.900 1.34x10"°-'^ 2.13x10""'"^ 3.35x10"°^ 

1.000 3.58x10"°'^ 5.60x10""'"^ 8.97x10"°^ 

1.250 2.64x10-°" 4.10x10-""* 6.40x10-°^^ 

1.500 1.24xl0-°3 1.85xl0-"3 2.88xl0-°3 

1.750 4.12x10-°^ 6.19x10-°^ 9.40x10-°^ 

2.000 1.08x10-°^ 1.61xl0-°2 2.45x10-°^ 

2.500 4.72xl0-°2 7.05x10-°^ 1.08xl0-°i 

3.000 1.41x10-°^ 2.13x10-°! 3.27x10-°^ 

3.500 3.30x10-°! 5.06x10-°! 7.94x10-°! 

4.000 6.66x10-°! 1.04x10+°° 1.62x10+°° 

5.000 2.03x10+°° 3.22x10+°° 5.13x10+°° 

6.000 4.79x10+°° 7.56x10+°° 1.21x10+°! 

7.000 9.37x10+°° 1.50x10+°! 2.42x10+°! 

8.000 1.64x10+°! 2.62x10+°! 4.19x10+°! 

9.000 2.62x10+°! 4.13x10+°! 6.61x10+°! 

10.000 3.91x10+°! 6.29x10+°! 9.92x10+°! 



-Z.iz4X iU 


4. / X iU 


-01 


4.00 X iU 


-01 


-i.yo4X iU 


4. / 1 X iU 


-01 


Z.uZ X iU 


-01 


-i .oil X lU 


4. / U X lU 


-01 


o.4y X iu 


-01 


-i.Oo / X iU 


4.D4X iU 


-01 


6.15x10 


-01 


-i.4o4X iU 


4. / X iU 


-01 


2.44x10 


-01 


-i.oZoX iU 


4. / DX lU 


-01 


2.15x10 


-01 


-i.iooX iU 


A ''7C\ X,' 1 n 

4. i\}X lU 


-01 


1.32x10 


-01 


-l.U (OX W 


A fiQ \x 1 n 
4. Do X lU 


-01 


2.65x10 


-01 


o 7QO \y 1 n+00 
-y. ioZX iU 


A KT \y 1 n 

4.0 i X lU 


-01 


7.66x10 


-01 


7 7nQ \y 1 n+00 


4.4Z X lU 


-01 


5.25x10 


-01 


c OIK \y 1 n+00 


A on 1 n 
4.zU X lU 


-01 


1.87x10+°° 


K nQn\/ 1 n+00 


A 1 7' V 1 n- 

4.1 / X lU 


-01 


9.69x10" 


-01 


A 1 1 o 1 n+00 

-4.iiy X iu 


A no xy 1 n 
4.U0X lU 


-01 


9.27x10 


-01 


o fiA A \y ^ n+00 


A 1 \x 1 n- 
4. Id X lU 


-01 


1.04x10+°° 


1 KA 1 \x 1 n+00 
-1.041 X lU 


A 1 \/ 1 n- 

4.iy X lu 


-01 


1.33x10+°° 


-6.690x10-°! 


4.40x10" 


-01 


1.16x10+°° 


4.177x10-°^ 


4.48x10" 


-01 


9.31x10" 


-01 


1.176x10+°° 


4.67x10" 


-01 


6.84x10" 


-01 


2.028x10+°° 


4.64x10" 


-01 


3.16x10" 


-01 


2.709x10+°° 


4.70x10" 


-01 


4.69x10" 


-01 


3.266x10+°° 


4.75x10" 


-01 


3.02x10" 


-01 


3.728x10+°° 


4.66x10" 


-01 


3.31x10" 


-01 


4.136x10+°° 


4.69x10" 


-01 


6.31x10" 


-01 



Comments: A significantly improved Q-value (Q=84.5 ± 0.7 keV; Tab. 1) is obtained 
by using the measured ^^K mass excess of Yazidjian et al. [261] . Because of the small Q- 
value only the first excited state (1/2+) in ^^K is expected to contribute to the resonant 
reaction rate. We calculate a corresponding resonance energy of E^*" = 1469.0 ± 5.0 
keV directly from the observed energy of /3-delayed protons from the decay of ^^Ca, as 
reported in Trinder et al. [239]. (This energy also agrees with the measured excitation 
energy reported by Benenson et al. [26]). The proton and 7-ray partial width, as well as 
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the direct capture S-factor, are adopted from the shell model calculation of Rcf. [119]. The 
total reaction rates are dominated by the direct capture process. Higher lying resonances 
are expected to make a minor contribution to the total rate. 
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Table B.58: Total thermonuclear reaction rates for ^^Ar(p,7)^^K. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal fj, 


lognormal a 


A-D 


0.010 


1.45x10" 


-48 


2.23x10" 


-48 


5.04x10" 


-47 


-1.081 xlO"^°2 


4.20x10+°° 


1.03x10+°^ 


0.011 


8.88x10- 


-47 


1.38x10" 


-46 


5.34x10" 


-46 


-1.041 xlO"^°2 


3.97x10+°° 


1.05x10+°^ 


0.012 


3.54x10" 


-45 


5.34x10" 


-45 


1.17x10" 


-44 


-1.006x10"^°^ 


3.75x10+°° 


1.08x10+°^^ 


0.013 


9.34x10" 


-44 


1.42x10" 


-43 


2.86x10" 


-43 


-9.747x10"^°^ 


3.54x10+°° 


1.08x10+°^ 


0.014 


1.76x10" 


-42 


2.68x10" 


-42 


4.93x10" 


-42 


-9.466x10"^°^ 


3.35x10+°° 


1.09x10+°^ 


0.015 


2.55x10" 


-41 


3.86x10" 


-41 


7.00x10" 


-41 


-9.210x10"^°^ 


3.16x10+°° 


1.09x10+°^ 


0.016 


2.97x10" 


-40 


4.52x10" 


-40 


7.97x10" 


-40 


-8.974x10"^°^ 


2.98x10+°° 


1.09x10+°^ 


0.018 


2.31x10" 


-38 


3.48x10" 


-38 


5.78x10" 


-38 


-8.556x10"^°^ 


2.66x10+°° 


1.08x10+°^ 


0.020 


9.71x10" 


-37 


1.44x10" 


-36 


2.35x10" 


-36 


-8.196x10"^°^ 


2.38x10+°° 


1.07x10+°^ 


0.025 


1.72x10" 


-33 


2.61x10" 


-33 


4.08x10" 


-33 


-7.469x10"^°^ 


1.81x10+°° 


9.66xl0+°2 


0.030 


5.41x10" 


-31 


7.92x10" 


-31 


1.22x10" 


-30 


-6.907x10"^°^ 


1.48x10+°° 


8.65x10+°^ 


0.040 


2.65x10" 


-27 


4.56x10" 


-27 


3.50x10" 


-26 


-5.999x10"^°^ 


1.77x10+°° 


4.29x10+°^ 


0.050 


6.37x10" 


-24 


1.31x10" 


-22 


2.42x10" 


-21 


-5.036x10"^°^ 


2.75x10+°° 


1.33x10+°! 


0.060 


4.71x10" 


-20 


5.45x10" 


-19 


5.21x10" 


-18 


-4.218x10"^°^ 


2.35x10+°° 


5.66x10+°° 


0.070 


3.23x10" 


-17 


2.11x10" 


-16 


1.06x10" 


-15 


-3.623x10"^°^ 


1.76x10+°° 


1.11x10+°! 


0.080 


4.14x10" 


-15 


1.78x10" 


-14 


5.95x10" 


-14 


-3.179x10"^°^ 


1.35x10+°° 


1.72x10+°! 


0.090 


1.75x10" 


-13 


5.49x10" 


-13 


1.33x10" 


-12 


-2.835x10"^°^ 


1.04x10+°° 


2.50x10+°! 


0.100 


3.45x10" 


-12 


8.28x10" 


-12 


1.60x10" 


-11 


-2.562x10"^°^ 


8.00x10"°^ 


3.12x10+°! 


0.110 


3.84x10" 


-11 


7.45x10" 


-11 


1.24x10" 


-10 


-2.340x10"^°^ 


6.25x10"°! 


2.88x10+°! 


0.120 


2.65x10" 


-10 


4.55x10" 


-10 


7.02x10" 


-10 


-2.156x10"^°^ 


5.07x10"°! 


1.65x10+°! 


0.130 


1.33x10" 


-09 


2.09x10" 


-09 


3.13x10" 


-09 


-2.001x10"^°^ 


4.44x10"°! 


6.42x10+°° 


0.140 


5.03x10" 


-09 


7.71x10" 


-09 


1.16x10" 


-08 


-1.869x10"^°! 


4.29x10"°! 


4.49x10+"" 


0.150 


1.53x10" 


-08 


2.43x10" 


-08 


3.65x10" 


-08 


-1.756x10+°^ 


4.48x10"°! 


8.09x10+"" 


0.160 


3.99x10" 


-08 


6.60x10" 


-08 


1.01x10" 


-07 


-1.657x10+°! 


4.88x10"°! 


1.55x10+"! 


0.180 


1.88x10" 


-07 


3.45x10" 


-07 


5.58x10" 


-07 


-1.494x10+°! 


5.87x10"°! 


2.87x10+"! 


0.200 


6.18x10" 


-07 


1.27x10" 


-06 


2.22x10" 


-06 


-1.366x10+°! 


6.86x10"°! 


3.28x10+"! 


0.250 


4.86x10" 


-06 


1.26x10" 


-05 


2.61x10" 


-05 


-1.139x10+°! 


8.88x10"°! 


2.82x10+°! 


0.300 


1.76x10" 


-05 


5.46x10" 


-05 


1.33x10" 


-04 


-9.929x10+°° 


1.05x10+°° 


2.96x10+°! 
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Table B.58 - continued 



i (LrKj 


Low rate 


Median rate 


High rate 


lognormal /i 


lognormal a A-D 


U.ooU 


A /I 1 A — 05 

4.04X lU 


1 c; 1 1 (\ — 04 
l.Ol X ID 


A ^^1 x^ 1 (\ — 04 
4.U1 X ID 


Q AAQ x^ 1 n+00 

-o.yUox lu 


1.11x10" 


^°" 1.60x10+°! 


U.4UU 


n TA 1 A — 05 


o oo X/ 1 (\ — 04 
O.ZZXlL) 


A (\Ci X / 1 A — 04 

y.UoxlL) 


O 1 1 A X/ 1 A + 00 

-o.llUx lU 


1.11x10^ 


^-°° 7.00x10+°° 


U.4t)U 


o 1 1 1 A — 04 


Ci. 1 1 x^ 1 (\ — 04 
D. 11 X ID 


1 71 x^ 1 (\ — 03 
1. / 1 X ID 


V /I 1 f x^ 1 A + 00 

- r .41UX lU ' 


1.03x10" 


1.17x10+°° 


U.5UU 


A AO 1 1"! — 04 


1 1 c X/ 1 (\ — 03 

l.lox IL) 


o (\Ci X/ 1 A — 03 

z.yox IL) 


P- TO'J X/ 1 /"l + OO 

-D. / ZOX lU^ 


8.96x10" 


""! 4.09x10+°° 


U.bUU 


/' O A /I \ / 1 A — 03 \ 

(z.U4x i(J ) 


1 r C\(\ X / 1 A — 03 \ 

^o.UUx lU ) 


/I oo X / 1 (\ — 02 \ 
(l.zox IL) ) 


(-o.zyyx i(j j 


(8.96x10" 


-01^ 
/ 


0.700 


In io>,i/^^ — 03 \ 

(6.12x10 ) 


(1.50x10 ) 


(3.67x10 ) 


(-4.200X 10^ ) 


(8.96x10" 


"°!) 


r\ O A A 

0.800 


/i /10n/1a — 02\ 

(1.43x10 ) 


(d. 49x10 J 


(8.56x10 ) 


/ ' ) ') r r X / 1 A+00\ 

(-J.355X 10^ ) 


(8.96x10" 


-on 

) 


0.900 


/o oOn/1/^~i — 02\ 

(z.ozxlU j 


(6.92x10 J 


/1 /"'An / 1 A — 01\ 

(1.69x10 ) 


(-2.671 X 10 ) 


(8.96x10" 


-01) 

J 


1 AAA 

l.UUU 


(a AO n / 1 a — 02\ 

(4.yzxi(j ) 


(1.21x10 J 


O ACn/IA — 01\ 

(2.95x10 ) 


(-2.116X 10 ) 


(8.96x10" 


-on 


1 OCA 


('1 /lAx^lA — 01\ 

(i.4UX i(J j 


( o /i/i\>iA — Ol^ 
^0. 44x10 j 


(8.42x10 j 


(-1.068X 10 j 


(8.96x10" 


-01) 


i.oUU 


/O OAxylA — 01\ 

(z.oyXiU J 


/7 A'?^, 1A — 01\ 
^ /.U (^X iU j 


(1. i oX lU j 


(-0.4D2X iU J 


(8.96x10" 


-01) 


1 TKn 

1. (ou 


(4.y/Xiu ) 


( 1 OO 1 ^+00^ 
[i.zzX iU ' J 


(z.ys X iu ) 


(i.yoyxiu j 


(8.96x10" 


-01) 


O AAA 

2.UUU 


{ '1 CTAn^IA — 01\ 

(7.59x 10 J 


(1.86X 10^ j 


(4.56X 10 ) 


/ OAOn,1A — 01^ 

(6.20oXlO ) 


(8.96x10" 


-01) 


z.oUU 


(1.4oX lU^ j 


[o.49X iO^ j 


(0.56X 10 j 


lA oci 1 ^-l-00^ 
(1.251 X 10^ j 


(8.96x10" 


-01) 


Q AAA 


/o oc:^in+00\ 

(z.zox wy ) 


[O.OZX iU j 


(i.ooxiu ) 


(1. (^USXIU^ j 


(8.96x10" 


-01) 


O C AA 


(3.21X11)^ j 


(7.85x10^ ) 


(1.92X 10^ ) 


(2.061x10^ j 




-01) 


4.000 


(4.28x10+"") 


(1.05x10+°^) 


(2.57x10+°!) 


(2.349x10+°°) 


(8.96x10" 


-01) 


5.000 


(6.74x10+°°) 


(1.65x10+°!) 


(4.04x10+°!) 


(2.804x10+°°) 


(8.96x10" 


-01) 


6.000 


(9.53x10+°°) 


(2.34x10+°!) 


(5.72x10+°!) 


(3.151x10+°°) 


(8.96x10" 


-01) 


7.000 


(1.26x10+°^) 


(3.09x10+°!) 


(7.57x10+°!) 


(3.431x10+°°) 


(8.96x10" 


-01) 


8.000 


(1.59x10+°^) 


(3.89x10+°!) 


(9.54x10+°!) 


(3.662x10+°°) 


(8.96x10" 


-01) 


9.000 


(1.92x10+°^) 


(4.72x10+°!) 


(1.16xl0+°2) 


(3.853x10+°°) 


(8.96x10" 


-01) 


10.000 


(2.33x10+°^) 


(5.71x10+°!) 


(1.40xl0+°2) 


(4.045x10+°°) 


(8.96x10" 


-01) 



Comments: The reaction rate, including uncertainties, is calculated from the same 
input information as in Iliadis et al. [130]. Note that the highest-lying resonance for 
which reliable input information is available is located at a relatively low energy of 
£^"^=744 keV. Consequently, the Hauser-Feshbach model has to be used for calculating 
the rates beyond a relatively low temperature. The rate uncertainties presented here do 
not include the systematic error introduced by 5 additionally expected resonances with 
gem MeV. According to Iliadis et al. [130], these resonances may increase the high 
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rate at T>1.5 GK by a factor of 2. 
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Table B.59: Total thermonuclear reaction rates for ^^Ar(p,7)^^K. 



T (GK) Low rate Median rate High rate lognormal jj. lognormal a A-D 



0.010 


1.28x10" 


-48 


1.87x10 


-48 


2.75x10 


-48 


-1.099x10+°^ 


3.87x10" 


-01 


4.13x10- 


-01 


0.011 


8.00x10- 


-47 


1.18x10 


-46 


1.72x10 


-46 


-1.058xl0+°2 


3.85x10- 


-01 


5.49x10- 


-01 


0.012 


3.12x10" 


-45 


4.57x10 


-45 


6.71x10 


-45 


-1.021 xl0+°2 


3.85x10- 


-01 


3.08x10- 


-01 


0.013 


8.29x10" 


-44 


1.22x10 


-43 


1.79x10 


-43 


-9.881x10+°^ 


3.85x10- 


-01 


2.64x10- 


-01 


0.014 


1.60x10" 


-42 


2.34x10 


-42 


3.43x10 


-42 


-9.586x10+°^ 


3.86x10- 


-01 


1.84x10- 


-01 


0.015 


2.33x10" 


-41 


3.45x10 


-41 


5.06x10 


-41 


-9.317x10+°^ 


3.89x10- 


-01 


4.25x10- 


-01 


0.016 


2.74x10" 


-40 


4.03x10 


-40 


5.91x10 


-40 


-9.071 xl0+°i 


3.85x10- 


-01 


3.77x10- 


-01 


0.018 


2.11x10" 


-38 


3.11x10 


-38 


4.58x10 


-38 


-8.636x10+°^ 


3.88x10- 


-01 


2.92x10- 


-01 


0.020 


9.02x10" 


-37 


1.32x10 


-36 


1.93x10 


-36 


-8.262x10+°^ 


3.82x10- 


-01 


4.17x10- 


-01 


0.025 


1.62x10" 


-33 


2.38x10 


-33 


3.51x10 


-33 


-7.512x10+°^ 


3.87x10- 


-01 


2.96x10- 


-01 


0.030 


4.94x10" 


-31 


7.27x10 


-31 


1.06x10 


-30 


-6.940x10+°^ 


3.84x10- 


-01 


5.21x10- 


-01 


0.040 


2.05x10" 


-27 


3.01x10 


-27 


4.42x10 


-27 


-6.107x10+°^ 


3.88x10- 


-01 


2.85x10- 


-01 


0.050 


7.61x10" 


-25 


1.11x10 


-24 


1.65x10 


-24 


-5.515x10+°^ 


3.87x10- 


-01 


4.55x10- 


-01 


0.060 


1.12x10" 


-22 


1.45x10 


-22 


1.93x10 


-22 


-5.027x10+°^ 


2.75x10- 


-01 


2.03x10+°! 


0.070 


1.69x10" 


-19 


1.95x10 


-19 


2.25x10 


-19 


-4.308x10+°^ 


1.42x10- 


-01 


3.11x10- 


-01 


0.080 


8.78x10" 


-17 


1.01x10 


-16 


1.17x10 


-16 


-3.683x10+°^ 


1.44x10- 


-01 


3.67x10- 


-01 


0.090 


1.13x10" 


-14 


1.31x10 


-14 


1.51x10 


-14 


-3.197x10+°^ 


1.44x10- 


-01 


3.65x10- 


-01 


0.100 


5.43x10" 


-13 


6.26x10 


-13 


7.22x10 


-13 


-2.810x10+°^ 


1.43x10- 


-01 


3.65x10- 


-01 


0.110 


1.27x10" 


-11 


1.46x10 


-11 


1.69x10 


-11 


-2.495 xl0+°i 


1.43x10- 


-01 


3.66x10- 


-01 


0.120 


1.74x10" 


-10 


2.00x10 


-10 


2.31x10 


-10 


-2.233x10+°^ 


1.43x10- 


-01 


3.68x10- 


-01 


0.130 


1.57x10" 


-09 


1.82x10 


-09 


2.09x10 


-09 


-2.013x10+°^ 


1.43x10- 


-01 


3.69x10- 


-01 


0.140 


1.03x10" 


-08 


1.19x10 


-08 


1.37x10 


-08 


-1.825x10+°! 


1.43x10- 


-01 


3.69x10- 


-01 


0.150 


5.24x10" 


-08 


6.03x10 


-08 


6.96x10 


-08 


-1.662x10+"! 


1.42x10- 


-01 


3.69x10- 


-01 


0.160 


2.15x10" 


-07 


2.48x10 


-07 


2.86x10 


-07 


-1.521x10+"! 


1.42x10- 


-01 


3.71x10- 


-01 


0.180 


2.24x10" 


-06 


2.58x10 


-06 


2.97x10 


-06 


-1.287x10+°! 


1.42x10- 


-01 


3.76x10- 


-01 


0.200 


1.43x10" 


-05 


1.65x10 


-05 


1.90x10 


-05 


-1.101x10+"! 


1.42x10" 


-01 


3.80x10- 


-01 


0.250 


3.85x10" 


-04 


4.43x10 


-04 


5.11x10 


-04 


-7.722x10+"° 


1.42x10" 


-01 


3.85x10" 


-01 


0.300 


3.28x10" 


-03 


3.78x10 


-03 


4.36x10 


-03 


-5.578x10+°° 


1.42x10- 


-01 


3.89x10- 


-01 
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Table B.59 - continued 



T (GK) Low rate Median rate High rate lognormal fi lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



1.46xl0""2 
4.37x10-"^ 
1.00x10""^ 
1.92x10-"! 
4.91x10-°! 
9.43x10""! 
1.56x10+°" 
2.44x10+°° 
3.74x10+°° 
1.04x10+°^ 
2.44x10+°! 
4.70x10+°! 
7.72x10+°! 
1.51xl0+°2 
2.29xl0+°2 
3.01xl0+°2 
3.62xl0+°2 
4.53xl0+°2 
5.11xl0+°2 
5.47xl0+°2 
(6.42xl0+°2) 
(7.92xl0+°2) 
(9.76xl0+°2) 



1.69xl0-°2 
5.03xl0-°2 
1.16x10"°! 
2.21x10"°! 
5.65x10"°! 
1.08x10+°" 
1.78x10+°° 
2.74x10+°° 
4.14x10+°° 
1.12x10+°! 
2.62x10+°! 
5.06x10+°! 
8.31x10+°! 
1.63xl0+°2 
2.47xl0+°2 
3.24xl0+°2 
3.90xl0+°2 
4.87xl0+°2 
5.48xl0+°2 
5.85xl0+°2 
(6.87xl0+°2) 
(8.47xl0+°2) 
(1.04x10+°^) 



1.94xl0"°2 
5.81xl0"°2 
1.33x10"°! 
2.55x10"°! 
6.51x10"°! 
1.24x10+"° 
2.03x10+"° 
3.10x10+"° 
4.60x10+"° 
1.21x10+°! 
2.82x10+"! 
5.45x10+°! 
8.98x10+"! 
1.77xl0+°2 
2.68xl0+°2 
3.51x10+°^ 
4.21xl0+°2 

5.25x10+°^ 
5.89x10+°^ 
6.27x10+°^ 
(7.36xl0+°2) 
(9.07xl0+°2) 
(1.12xl0+°3) 



-4.083x10+"° 

-2.989x10+"° 

-2.158x10+"° 

-1.510x10+"° 

-5.709x10"°! 

7.936xl0"°2 

5.780x10"°! 

1.010x10+"" 

1.423x10+"° 

2.419x10+°° 

3.268x10+°° 

3.924x10+°° 

4.421x10+°° 

5.095x10+°° 

5.511x10+°° 

5.782x10+°° 

5.966x10+°° 

6.189x10+°° 

6.307x10+°° 

6.372x10+°° 

;6.533xl0+°°) 

;6.742xl0+°°) 

;6.952xl0+°°) 



1.42x10""! 3. 

1.42x10""! 3, 

1.42x10""! 4, 

1.42x10""! 4, 

1.41x10""! 4, 

1.39x10""! 3. 

1.32x10"°! 4. 

1.19x10""! 7. 

1.03x10"°! 1. 

7.49xl0-°2 2. 

7.17xl0-°2 3. 

7.41x10"°^ 6. 

7.61xl0-°2 8. 

7.76x10-°^ 1. 

7.75x10-°^ 1. 

7.69x10-°^ 1. 

7.58x10-°^ 1. 

7.32x10-°^ 1. 

7.06x10-°^ 1. 

6.85x10-°^ 1. 
(6.79xl0-°2) 
(6.79xl0-°2) 
(6.79xl0-°2) 



92x10"°! 
96x10"°! 
01x10"°! 
04x10"°! 
01x10"°! 
83x10"°! 
10x10"°! 
20x10"°! 
10x10+°° 
42x10"°! 
42x10"°! 
52x10"°! 
86x10"°! 
07x10+°° 
16x10+°° 
26x10+°° 
37x10+°° 
63x10+°° 
83x10+°° 
76x10+°° 



Comments: The reaction rate is calculated from the same input information as in 
Iliadis et al. [131]. 
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Table B.60: Total thermonuclear reaction rates for ^^K(p,7)^°Ca. 



T (GK) Low rate Median rate High rate lognormal /x lognormal a A-D 



0.010 
0.011 
0.012 
0.013 
0.014 
0.015 
0.016 
0.018 
0.020 
0.025 
0.030 
0.040 
0.050 
0.060 
0.070 
0.080 
0.090 
0.100 
0.110 
0.120 
0.130 
0.140 
0.150 
0.160 
0.180 
0.200 
0.250 
0.300 



1.94x10"^^ 

1.42x10-^9 

6.39x10-*^ 

1.92x10-*'^ 

4.19x10-^5 

6.76x10-*^ 

8.56X 10-^3 

7.80x10-" 

3.83x10-^9 

9.26xl0-3'5 

3.47x10-33 
1.96x10-^9 

9.18x10-2^ 

1.00x10-2^ 
4.25x10-23 

9.40x10-22 
1.30x10-20 
1.39x10-19 

1.20x10-1^ 
9.00x10-1^ 
6.86x10-1^ 
7.22x10-1'' 
8.56x10-15 
8.29x10-1^ 
3.89x10-12 
8.29x10-11 
1.94x10-°^ 
7.03x10-°^ 



3.11x10-51 
2.31x10-^9 

1.03x10-^^ 

3.05x10-^6 
6.69x10-^5 

1.08x10-^3 

1.38x10-^2 

1.25x10-^° 
6.17x10-39 
1.48x10-35 
5.53x10-33 
3.18x10-29 
1.48x10-26 
1.61x10-24 
6.77x10-23 
1.50x10-21 
2.18x10-20 
2.49x10-19 
2.48x10-1^ 
3.98x10-1^ 
8.71x10-16 
1.41x10-1* 
1.60x10-13 
1.33x10-12 
4.50x10-11 
7.39x10-10 
1.08x10-07 
2.86x10-06 



4.95x10-51 
3.66x10-49 

1.67x10-47 
4.88x10-46 
1.07x10-44 
1.69x10-43 
2.23x10-42 
2.01x10-40 
9.85x10-39 
2.35x10-35 
8.94x10-33 
5.10x10-29 
2.39x10-26 
2.55x10-24 

1.10x10-22 

2.45x10-21 
3.80x10-20 
6.86x10-19 
3.26x10-17 
1.06x10-15 
2.04x10-14 
2.62x10-13 
2.34x10-12 
1.59x10-11 
3.83x10-10 
4.87x10-09 
4.36x10-07 
8.26x10-06 



-1.163x10+02 
-1.120x10+02 
-1.082x10+02 
-1.048x10+02 
-1.017x10+02 
-9.894x10+01 
-9.638x10+01 
-9.188x10+01 
-8.799x10+01 
-8.020x10+01 
-7.427x10+01 
-6.562x10+01 
-5.947x10+01 
-5.479x10+01 
-5.104x10+01 
-4.792x10+01 
-4.518x10+01 
-4.251x10+01 
-3.982x10+01 
-3.707x10+01 
-3.438x10+01 
-3.185x10+01 
-2.955x10+01 
-2.748x10+01 
-2.399x10+01 
-2.119x10+01 
-1.620x10+01 
-1.293x10+01 



4.70x10-01 
4.69x10-01 
4.72x10-01 
4.67x10-01 
4.74x10-01 
4.69x10-01 
4.77x10-01 
4.75x10-01 
4.76x10-01 
4.72x10-01 
4.74x10-01 
4.76x10-01 
4.77x10-01 
4.75x10-01 
4.89x10-01 
5.59x10-01 
8.23x10-01 
1.29x10+00 
1.89x10+00 
2.35x10+00 
2.62x10+00 
2.70x10+00 
2.66x10+00 
2.55x10+00 
2.28x10+00 
2.02x10+00 
1.55x10+00 
1.24x10+00 



1.82x10-01 
1.02x10+00 
3.81x10-01 
4.93x10-01 
5.10x10-01 
1.84x10-01 
3.42x10-01 
2.09x10-01 
3.88x10-01 
2.46x10-01 
4.55x10-01 
2.81x10-01 
3.32x10-01 
3.74x10-01 
1.29x10+00 
4.07x10+01 
2.71x10+02 
4.70x10+02 
4.07x10+02 
2.02x10+02 
7.07x10+01 
1.97x10+01 
8.27x10+00 
8.58x10+00 
1.37x10+01 
1.84x10+01 
3.19x10+01 
4.77x10+01 
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Table B.60 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



8.77x10-°*^' 
5.66x10""''^ 
2.33xl0-"4 
7.10x10""'' 
3.60x10-"-'' 
1.08x10""^ 
2.34xl0-"2 
4.18xl0-"2 
6.52xl0~"2 
1.37x10"°^ 
2.13x10""^ 
2.82x10-°^ 
3.43x10-°^ 
4.67x10"°^ 
6.45x10-°^ 
9.41x10-°^ 
1.44x10+°° 
3.31x10+™ 
7.09x10+°° 
1.37x10+°! 
2.38x10+°! 
3.85x10+°! 
5.83x10+°! 



2.85x10""'"^ 
1.55x10""'' 
5.57x10""'' 
1.52 xlO""-'' 
6.62 xlO""-'' 
1.84x10""^ 
3.84xl0-"2 
6.67xl0""2 
1.02x10""! 
2.14x10"°! 
3.33x10-°! 
4.45x10"°! 
5.45x10"°! 
7.26x10"°! 
9.58x10"°! 
1.37x10+°° 
2.05x10+°° 
4.88x10+°° 
1.10x10+°! 
2.17x10+°! 
3.77x10+°! 
6.05x10+°! 
9.22x10+°! 



6.53xl0""-'^ 
3.05x10""" 
1.00x10""'^ 
2.58xl0""3 
1.04xlO""2 
2.79xl0""2 
5.74xl0-"2 
1.00x10""! 
1.53x10""! 
3.19x10""! 
5.01x10""! 
6.75x10"°! 
8.28x10"°! 
1.09x10+°° 
1.38x10+°° 
1.91x10+°° 
2.90x10+°° 
7.27x10+°° 
1.70x10+°! 
3.38x10+°! 
6.05x10+°! 
9.62x10+°! 
1.50xl0+°2 



-1.062x10+"! 
-8.920x10+"" 
-7.618x10+"" 
-6.592x10+"" 
-5.091x10+"" 
-4.054x10+"" 
-3.303x10+"" 
-2.740x10+"" 
-2.306x10+"° 
-1.574x10+°" 
-1.133x10+"" 
-8.468x10"°! 
-6.461x10"°! 
-3.528x10"°! 
-6.219xl0"°2 
2.937x10"°! 
7.135x10"°! 
1.591x10+°° 
2.399x10+°° 
3.075x10+°° 
3.633x10+°° 
4.109x10+°° 
4.529x10+°° 



1.02x10+"" 
8.67x10""! 
7.53x10""! 
6.69x10""! 
5.59x10""! 
5.00x10""! 
4.71x10""! 
4.58x10""! 
4.55x10""! 
4.66x10"°! 
4.81x10"°! 
4.90x10"°! 
4.91x10"°! 
4.61x10"°! 
4.01x10"°! 
3.65x10"°! 
3.58x10"°! 
4.03x10"°! 
4.44x10"°! 
4.57x10"°! 
4.65x10"°! 
4.66x10"°! 
4.70x10"°! 



6.25x10+°! 
7.27x10+°! 
7.61x10+°! 
7.29x10+°! 
5.52x10+°! 
3.73x10+°! 
2.65x10+°! 
2.20x10+°! 
2.14x10+°! 
2.68x10+°! 
3.32x10+°! 
3.60x10+°! 
3.47x10+°! 
2.46x10+°! 
1.02x10+°! 
5.89x10+°° 
1.29x10+°° 
7.85x10"°! 
3.72x10"°! 
7.22x10"°! 
1.36x10"°! 
3.93x10"°! 
4.85x10"°! 



Comments: A single resonance, located at E^™ = 459 ± 43 keV, is taken into account 
in the evaluation of the total rate. Its energy is obtained from the measured excitation 
energy of the first-excited (2+) state in ^^Ca (E^; = 3015 ± 16 keV [70]) and the reaction 
Q- value (see Tab. 1) that is obtained from the mass differences presented in Ref. [261]. 
Note that the new resonance energy is significantly lower than previous estimates [119] 
and this strongly affects both the proton and the 7-ray partial width. For these quantities 
we adopt the shell model result of Herndl et al. [119], but correct the published values for 
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the new excitation energy. The direet capture S-factor is also adopted from Ref. [119]. 
We assume uncertainties of 50% for the partial widths and the direct capture S-factor. 
Our Monte Carlo rates do not take higher-lying resonances into account. Their influence 
is presumably small since, based on the known level scheme of the ^^S mirror nucleus, 
they are expected to occur at much higher energies (see discussion in Ref. [119]). 
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Table B.61: Total thermonuclear reaction rates for ^^Ca(p,7)^°Sc. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal fj, 


lognormal a 


A-D 




0.010 


2.14x10" 


53 


3.14x10 


-53 


4.63x10 


-53 


-1.209x10+°^ 


3.86x10- 


-01 


4.75x10" 


-01 


0.011 


1.83x10" 


51 


2.71x10 


-51 


3.96x10 


-51 


-1.164xl0+°2 


3.85x10- 


-01 


7.24x10" 


-01 


0.012 


9.55x10" 


50 


1.40x10 


-49 


2.05x10 


-49 


-1.125x10+°^ 


3.84x10- 


-01 


2.07x10" 


-01 


0.013 


3.28x10" 


48 


4.78x10 


-48 


7.03x10 


-48 


-1.090x10+°^ 


3.83x10- 


-01 


4.49x10" 


-01 


0.014 


7.71x10" 


47 


1.15x10 


-46 


1.68x10 


-46 


-1.058x10+°^ 


3.91x10- 


-01 


3.37x10" 


-01 


0.015 


1.41x10" 


45 


2.05x10 


-45 


3.03x10 


-45 


-1.029x10+°^ 


3.88x10- 


-01 


4.45x10" 


-01 


0.016 


1.98x10" 


44 


2.89x10 


-44 


4.23x10 


-44 


-1.003x10+°^ 


3.84x10- 


-01 


1.79x10" 


-01 


0.018 


2.11x10" 


42 


3.14x10 


-42 


4.60x10 


-42 


-9.557x10+°^ 


3.88x10- 


-01 


1.11x10+00 


0.020 


1.18x10" 


40 


1.74x10 


-40 


2.56x10 


-40 


-9.155x10+°^ 


3.88x10- 


-01 


2.37x10" 


-01 


0.025 


3.83x10" 


37 


5.56x10 


-37 


8.18x10 


-37 


-8.348x10+°^ 


3.83x10- 


-01 


3.68x10" 


-01 


0.030 


1.78x10" 


34 


2.63x10 


-34 


3.85x10 


-34 


-7.732x10+°^ 


3.85x10- 


-01 


4.21x10" 


-01 


0.040 


1.50x10" 


30 


2.17x10 


-30 


3.12x10 


-30 


-6.830x10+°^ 


3.67x10- 


-01 


3.43x10" 


-01 


0.050 


2.42x10" 


26 


4.29x10 


-26 


7.90x10 


-26 


-5.840x10+°^ 


5.89x10- 


-01 


1.16x10+00 


0.060 


1.63x10" 


22 


2.72x10 


-22 


4.60x10 


-22 


-4.965x10+°^ 


5.18x10- 


-01 


5.02x10" 


-01 


0.070 


8.75x10" 


20 


1.40x10" 


-19 


2.21x10 


-19 


-4.342x10+°^ 


4.64x10- 


-01 


3.63x10" 


-01 


0.080 


9.45x10" 


18 


1.46x10- 


-17 


2.23x10 


-17 


-3.877x10+°^ 


4.30x10- 


-01 


2.40x10" 


-01 


0.090 


3.52x10" 


16 


5.32x10 


-16 


7.96x10 


-16 


-3.517x10+°^ 


4.10x10- 


-01 


2.33x10" 


-01 


0.100 


6.23x10" 


15 


9.33x10 


-15 


1.37x10 


-14 


-3.231x10+°^ 


3.98x10- 


-01 


2.43x10" 


-01 


0.110 


6.44x10" 


14 


9.56x10 


-14 


1.40x10 


-13 


-2.999x10+°^ 


3.91x10- 


-01 


3.07x10" 


-01 


0.120 


4.45x10" 


13 


6.58x10 


-13 


9.59x10 


-13 


-2.806x10+0^ 


3.87x10- 


-01 


3.86x10" 


-01 


0.130 


2.27x10" 


12 


3.35x10 


-12 


4.86x10 


-12 


-2.643x10+0^ 


3.84x10- 


-01 


4.55x10" 


-01 


0.140 


9.12x10" 


12 


1.34x10 


-11 


1.94x10 


-11 


-2.504x10+01 


3.80x10- 


-01 


4.27x10" 


-01 


0.150 


3.06x10" 


11 


4.47x10 


-11 


6.44x10 


-11 


-2.383x10+01 


3.75x10- 


-01 


3.66x10" 


-01 


0.160 


8.89x10" 


11 


1.29x10 


-10 


1.85x10 


-10 


-2.277x10+01 


3.68x10- 


-01 


3.41x10" 


-01 


0.180 


5.52x10" 


10 


7.77x10- 


-10 


1.09x10 


-09 


-2.098x10+01 


3.45x10- 


-01 


4.90x10- 


-01 


0.200 


2.55x10" 


09 


3.46x10 


-09 


4.73x10 


-09 


-1.948x10+01 


3.15x10- 


-01 


6.68x10" 


-01 


0.250 


4.95x10" 


08 


6.54x10 


-08 


8.70x10 


-08 


-1.654x10+01 


2.84x10- 


-01 


2.39x10" 


-01 


0.300 


4.15x10" 


07 


5.62x10 


-07 


7.65x10 


-07 


-1.439x10+01 


3.10x10- 


-01 


5.08x10" 


-01 
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Table B.61 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognormal a A-D 



0.350 


1 99x10" 


-06 


2 78x10^°^ 


3 90x10^°° 


-1 279x10+°! 


n 400 




-06 


9 3fix 1 n~°^ 


1 33x10^°-'^ 


-1 1 58x 1 0+°! 


0.450 




-05 


2 39x 1 0~°^ 

Zj . tj ^ -L\J 


3 43x10^°-'' 


-1 064x1(1+°! 


^00 


3 43x 1 0" 


-05 


■i 02 X 1 0^0^ 


7.24x 10^°"'' 


-9 901 X 1 0+°° 


0.600 


1 00x10" 


-04 


1.48x10"°'' 


2 16x10""°'' 


-8 818x10+°° 


700 


9 1 9x 1 (r 


-04 


3.14x 10^°^ 


4 'i8x10^°^ 


-8 068 X 1 0+°° 


0.800 


3 79x10" 


-04 


5 55x10"°^ 


8 02x10^°^ 


-7 497x10+°° 


0.900 


fi 58x10" 


-04 


9 20x 1 0^°^ 


1 29x10^°-' 


-6 985x10+°° 


1.000 


(1.19x 10" 


-03\ 


n 58x1 O^"-^! 


('211x1 0^°'''') 


f-6 449x1 0+°°"! 


1.250 


f3 82x 10" 


-03\ 


C5 08x 10""^) 


(() 76x 10-°^'! 


f-5 282 X 10+°°"! 


1 500 

-L . 0\J\J 




-03N 


(1.16x 10""^) 


(^ 55xio-°2'i 


(-A 452 X 1 0+°°"! 

I 4:.4:tJZd/\ J.U J 


1.750 


(1.67x 10" 


-02\ 


C2 22x1 0~°2') 


(2 95x10-°2'l 


f-3 810x10+°°"! 


2 000 


(2.80x10" 


-02\ 


^3 72x 1 0^'^^'l 


('4 95x1 0-°2'l 


^-3 291 X 1 0+°°"! 


2 500 


(6.20x10" 


-02\ 


(R 25x10~02\ 


n 10x10-°!'! 


(-9 4Q'ix10+°°'l 


3.000 


(1.13x10" 


-01\ 


(1.51x10"°^) 


(2 00x10-°!'! 


M 894x10+°°') 


3 500 


(1.83x10" 


-01\ 


(2.44x 10~°^) 


('3 24x 1 0-°!"! 


(-^ 412x10+°°"! 


4.000 


(2.73x10" 


-01\ 


(3.63x10-°!) 


(4.84x10-°!) 


(-1.012x10+°°) 


5.000 


(5.22x10" 


-01\ 


(6.95x10-°!) 


(9.25x10-°!) 


(-3.636x10-°!) 


6.000 


(8.65x10" 


-01\ 


(1.15x10+°°) 


(1.53x10+°°) 


(1.403x10-°!) 


7.000 


(1.31x10"^°°) 


(1.74x10"^-°°) 


(2.32x10+°°) 


(5.541x10-°!) 


8.000 


(1.83xl0"^00) 


(2.44x10+°°) 


(3.25x10+°°) 


(8.921x10-°!) 


9.000 


(2.43x10"^°°) 


(3.24x10+°°) 


(4.31x10+°°) 


(1.174x10+°°) 


10.000 


(3.23x10"^°°) 


(4.29x10+°°) 


(5.71x10+°°) 


(1.457x10+°°) 



3.37x10-"! 7. 

3.54x10-"! 6. 

3.66x10-"! 6. 

3.73x10-"! 6. 

3.82x10-"! 6. 

3.84x10-"! 6. 

3.73x10-"! 7. 

3.37x10-"! 1. 

2.86x10-°!) 

2.86x10-°!) 

2.86x10-°!) 

2.86x10-°!) 

2.86x10-°!) 

2.86x10-°!) 

2.86x10-°!) 

2.86x10-°!) 

;2.86xl0-°!) 

;2.86xl0-°!) 

2.86x10-°!) 

2.86x10-°!) 

2.86x10-°!) 

2.86x10-°!) 

2.86x10-°!) 



15x10-°! 
64x10-°! 
32x10-°! 
16x10-°! 
12x10-°! 
27x10-°! 
32x10-°! 
50x10+°° 



Comments: The reaction rate is calculated by using the ^°Sc excitation energies and 
A=40 mirror state assignments presented in Tabs. I and II of Hansper et al. [115]. Addi- 
tional information, including the direct capture component, is adopted from Iliadis et al. 
[130]. We specifically assimic for the E2:=1671, 1703 and 1797 keV levels in ^°Sc assign- 
ments of J'^=(2^), (Ij^) and (Sg ), respectively. In total, 5 resonances with energies in 
the range of E""=234-1259 keV are taken into account. The; rate uncertainties presented 
here disregard the fact that these assignments are not unambiguous. Also not included 
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I . . — , — I - 

0.01 0.10 

Temperature (GK) 



in the rate uncertainties is the unobserved 3^ level whieh the isobaric multiplet mass 
equation predicts at an excitation energy of E^f^lAb MeV (Hansper et al. [115]). This 
level may increase the total rates above T=0.8 GK by up to a factor of «4. 

Interestingly, recent calciilations by Descouvemont [63] using a microscopic cluster 
model predict total reaction rates that are larger by 1-2 orders of magnitude below T=0.5 
GK. This strong disagreement can be traced back to the different values of spectroscopic 
factors used in the two approaches. For the dominant 2^ level, Descouvemont 's model 
predicts values of C^S£=i=1.05 and C^S£=3=0.03 (see his Tab. 3). In contrast, we use 
the experimental values of 0^8^=1=0.014 and 0^8^=3=0.92 which were measured in the 
■"'K(d,p)'*''K neutron-transfer to the mirror state (Fink and Schiffer [88]). The measured 
(d,p) angular distribution (see their Fig. 3) clearly reveals a dominant £=3 transfer 
with a relatively small i=l component, whereas Descouvemont finds that "...the £=1 
component is strongly dominant in the wave function...". We prefer using experimental 
rather than calculated spectroscopic factors when estimating reliable reaction rates. But 
we agree with Descouvemont that a new measurement of spectroscopic factors in ^"^K 
(and perhaps *''8c) would be helpful to clarify the situation. 
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Table B.62: Total thermonuclear reaction rates for ^'^Ca(p,7)^^Sc. 



T (GK) 


Low rate 


Median rate 


High rate 


lognormal jj. 


lognormal a 


A-D 




0.010 


1.07x10" 


53 


1.57x10 


-53 


2.29x10 


-53 


-1.216x10+°^ 


3.83x10" 


-01 


1.94x10- 


-01 


0.011 


9.25x10" 


52 


1.36x10 


-51 


1.99x10 


-51 


-1.171 xl0+°2 


3.86x10- 


-01 


2.22x10- 


-01 


0.012 


4.74x10" 


50 


7.00x10 


-50 


1.04x10 


-49 


-1.132xl0+°2 


3.92x10- 


-01 


2.76x10- 


-01 


0.013 


1.64x10" 


48 


2.39x10 


-48 


3.50x10 


-48 


-1.097xl0+°2 


3.85x10- 


-01 


3.05x10- 


-01 


0.014 


3.89x10" 


47 


5.72x10 


-47 


8.42x10 


-47 


-1.065 xl0+°2 


3.83x10- 


-01 


2.02x10- 


-01 


0.015 


7.00x10" 


46 


1.03x10 


-45 


1.51x10 


-45 


-1.036xl0+°2 


3.88x10- 


-01 


2.09x10- 


-01 


0.016 


9.99x10" 


45 


1.46x10 


-44 


2.14x10 


-44 


-1.009xl0+°2 


3.82x10- 


-01 


1.60x10- 


-01 


0.018 


1.07x10" 


42 


1.55x10 


-42 


2.28x10 


-42 


-9.626x10+°^ 


3.86x10- 


-01 


6.16x10- 


-01 


0.020 


6.02x10" 


41 


8.79x10 


-41 


1.29x10 


-40 


-9.223x10+°^ 


3.85x10- 


-01 


3.32x10- 


-01 


0.025 


1.94x10" 


37 


2.81x10 


-37 


4.13x10 


-37 


-8.416x10+°^ 


3.87x10- 


-01 


8.83x10- 


-01 


0.030 


9.08x10" 


35 


1.34x10 


-34 


1.98x10 


-34 


-7.800x10+°^ 


3.91x10- 


-01 


3.11x10- 


-01 


0.040 


7.22x10" 


31 


1.07x10 


-30 


1.56x10 


-30 


-6.902x10+°^ 


3.88x10- 


-01 


2.80x10- 


-01 


0.050 


4.29x10" 


28 


6.25x10 


-28 


9.13x10 


-28 


-6.264x10+°^ 


3.85x10- 


-01 


4.62x10- 


-01 


0.060 


5.57x10" 


26 


8.21x10 


-26 


1.20x10 


-25 


-5.776x10+°^ 


3.90x10- 


-01 


1.81x10- 


-01 


0.070 


2.68x10" 


24 


3.97x10 


-24 


5.83x10 


-24 


-5.389x10+°^ 


3.89x10- 


-01 


2.19x10- 


-01 


0.080 


6.64x10" 


23 


9.71x10 


-23 


1.44x10 


-22 


-5.068x10+°^ 


3.89x10- 


-01 


3.28x10- 


-01 


0.090 


1.01x10" 


21 


1.47x10 


-21 


2.14x10 


-21 


-4.797x10+°^ 


3.83x10- 


-01 


3.44x10- 


-01 


0.100 


1.03x10" 


20 


1.51x10 


-20 


2.21x10 


-20 


-4.564x10+°^ 


3.88x10- 


-01 


2.28x10- 


-01 


0.110 


7.93x10" 


20 


1.17x10 


-19 


1.71x10 


-19 


-4.360 xl0+°i 


3.84x10- 


-01 


3.15x10- 


-01 


0.120 


4.79x10" 


19 


7.05x10 


-19 


1.04x10 


-18 


-4.180x10+°! 


3.89x10- 


-01 


3.21x10- 


-01 


0.130 


2.40x10" 


18 


3.52x10 


-18 


5.15x10 


-18 


-4.019x10+°! 


3.79x10- 


-01 


6.30x10- 


-01 


0.140 


1.05x10" 


17 


1.54x10 


-17 


2.24x10 


-17 


-3.872x10+°! 


3.85x10- 


-01 


7.48x10- 


-01 


0.150 


4.20x10" 


17 


6.01x10 


-17 


8.71x10 


-17 


-3.734x10+"! 


3.66x10- 


-01 


9.05x10- 


-01 


0.160 


1.87x10" 


16 


2.48x10 


-16 


3.34x10 


-16 


-3.592x10+"! 


2.95x10- 


-01 


6.37x10- 


fOO 


0.180 


8.42x10" 


15 


9.42x10 


-15 


1.06x10 


-14 


-3.229x10+°! 


1.17x10- 


-01 


2.12x10+°° 


0.200 


3.57x10" 


13 


3.97x10 


-13 


4.44x10 


-13 


-2.855x10+°! 


1.10x10" 


-01 


3.04x10" 


-01 


0.250 


3.78x10" 


10 


4.21x10 


-10 


4.72x10 


-10 


-2.159x10+°! 


1.12x10 


-01 


3.07x10" 


-01 


0.300 


3.80x10" 


08 


4.24x10 


-08 


4.74x10 


-08 


-1.698x10+°! 


1.12x10- 


-01 


2.95x10" 


-01 
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Table B.62 - continued 



T (GK) Low rate Median rate High rate lognormal /i lognormal a A-D 



0.350 
0.400 
0.450 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 
1.250 
1.500 
1.750 
2.000 
2.500 
3.000 
3.500 
4.000 
5.000 
6.000 
7.000 
8.000 
9.000 
10.000 



9.88x10-"^ 
1.11x10-"^ 
7.10x10-"'"^ 
3.09x10-"'' 
2.70xl0-°3 

1.23xl0""2 
3.72xl0-°2 
8.62xl0-°2 
1.66x10"°^ 
5.18x10-°! 
1.07x10+°° 
1.79x10+°° 
(2.81x10+°° 
(8.10x10+°° 
(1.76x10+°! 
(3.22x10+°! 
(5.28x10+°! 
(1.15xl0+°2 
(2.08xl0+°2 
(3.34xl0+°2 
(4.94xl0+°2 
(6.82xl0+°2 
(8.91xl0+°2 



1. 10x10"°*^ 
1.24x10-°^ 
7.92x10-°^ 
3.45x10-°'^ 
3.01xl0-°3 
1.37xl0"°2 
4.15xl0-°2 
9.62xl0-°2 
1.85x10-°! 
5.77x10-°! 
1.19x10+°° 
1.98x10+°° 
(3.10x10+°°) 
(8.93x10+°°) 
(1.94x10+°!) 
(3.55x10+°!) 
(5.83x10+°!) 
(1.26xl0+°2) 
(2.29xl0+°2) 
(3.68xl0+°2) 
(5.44xl0+°2) 
(7.52xl0+°2) 
(9.83x10+°^) 



1.23x10"°° 
1.38x10"°-^ 
8.86x10-°-^ 
3.85x10-°'^ 
3.37xl0-°3 
1.53xl0""2 
4.64xl0-"2 
1.08x10-°! 
2.07x10"°! 
6.45x10-°! 
1.32x10+°° 
2.20x10+°° 
(3.42x10+°° 
(9.85x10+°° 
(2.14x10+°! 
(3.92x10+°! 
(6.42x10+°! 
(1.39xl0+°2 
(2.53xl0+°2 
(4.06xl0+°2 
(6.00xl0+°2 
(8.30xl0+°2 
(1.08xl0+°3 



-1.372x10+"! 
-1.130x10+"! 
-9.442x10+"° 
-7.972x10+"° 
-5.803x10+"° 
-4.290x10+"° 
-3.181x10+"° 
-2.340x10+"° 
-1.684x10+"° 
-5.488x10-°! 

1.716x10-°! 

6.830x10-°! 
(1.131x10+°° 
(2.190x10+°° 
(2.965x10+°° 
(3.570x10+°° 
(4.065x10+°° 
(4.840x10+°° 
(5.435x10+°° 
(5.908x10+°° 
(6.299x10+°° 
(6.623x10+°° 
(6.890x10+°° 



1.12x10""! 2 
1.12x10""! 2 
1.12x10""! 2 
1.12x10""! 2 
1.12x10""! 2 
1.12x10""! 2 
1.12x10""! 2 
1.12x10""! 2 
1.12x10""! 2 
1.11x10-°! 2 
1.09x10-°! 3 
1.05x10-°! 3 
9.78x10-°^) 
;9.78xl0-°2) 
9.78x10-°^) 
9.78x10-°^) 
;9.78xl0-°2) 
;9.78xl0-°2) 
9.78x10-°^) 
9.78x10-°^) 
;9.78xl0-°2) 
;9.78xl0-°2) 
;9.78xl0-°2) 



.94x10"°! 
.92x10"°! 
.92x10"°! 
.91x10"°! 
.89x10"°! 
.89x10"°! 
.89x10-°! 
.89x10-°! 
.89x10-°! 
.94x10-°! 
.16x10-°! 
.87x10-°! 



Comments: The reaction rate, including uncertainties, is calculated from the same 
input information as in Iliadis et al. [131]. 
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